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ABSTRACT
The concept of novelty has important implications for theories of cognition, as familiar objects are
categorically distinct from novel ones; accessing a stored representation of a known stimulus influences
perception in a way that is precluded for a novel stimulus. The experiments that constitute this
dissertation shed light on the perception-action cycle, as it is a persistent feature of human life; we see
things and we act upon them. When those things are novel, how does cognitive processing change?
Specifically, how do people who deliberately practice seeing things act upon them, and are there
observable differences between trained and "casual" perceivers' perceptual processing? Some argue
that any processing advantages possessed by experts are limited to objects or relations among objects
within an expert's particular domain of expertise. However, a central point of contention revolves
around what exactly constitutes a domain in the first place. Expertise may boil down to a long-term
memory advantage for deliberately-practiced categories of stimuli, or to a heuristic that is only
applicable to one trained goal or category of goals, or to a heuristic independent of task that can be
applied to any novel situation. The present set of experiments examined visual cognition with the
perceptual goal of fine-motor output (i.e., accurate sketching) as a candidate for a domain of expertise
that confers advantages in visual perception in general. The extent to which visual processing is altered
in expert visual artists was examined; whether they are more efficient only at sketching images of
familiar stimuli, or whether their advantage extends to other visual cognition tasks. Familiarity and
complexity of stimuli were manipulated, as were the goals of perception, including sketching and
recognition. Finally, retention durations were manipulated before responses or sketches were made in
order to examine the limits on experts' advantage on tasks that are known to tax the perceptual system.
Results suggest that expertise in visual art confers a robust visual cognition advantage that generalizes
beyond a narrowly-defined domain of expertise.
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CHAPTER 1
INTRODUCTION
Imagine a wine glass. Is it tall or short? Wide or narrow? What is the diameter of the base
relative that of the bowl? How tall is the bowl in relation to the stem? If you were physically shown a
wine glass, it would, presumably, look similar to the one you just imagined, you could identify it as a
wine glass, but there would be deviations of the exemplar from the prototypical wine glass you
imagined. The mental representation of the prototypical object–whether it be a wine glass, a coffee
mug, or any familiar object—influences perception in a top-down manner (Cohen & Jones, 2008;
Gombrich, 1960; Thouless, 1931, 1932). If you were trained to see the glass as it in fact appears (that is,
without biasing perception toward its prototypical mental representation), your perception of the glass
might be considered significantly more accurate. But what about unfamiliar objects? Theoretically, these
should be processed with minimal top-down influence, as they by definition lack a prototype that they
resemble. An object can be identified as novel, but such an identification is distinct from identifying an
object as an example of a particular familiar category. Essentially, the processing of familiar and novel
stimuli should recruit different cognitive mechanisms.
Furthermore, while it may be relatively easy to recall, retain, and manipulate the mental
representations of familiar stimuli (imagine a wine glass on its side), such an ability may falter when
attempting the same process for novel stimuli. For example, Alexander and Evardone (2008) found that
participants performed better at mental rotation of human figure stimuli than traditional mental
rotation stimuli, which consist of strings of cubes arranged into three-dimensional shapes. Neuroimaging
evidence supports this distinction, as tasks involving familiar stimuli and procedures recruit neural
networks distinct from those recruited during tasks involving novel stimuli and procedures (e.g.,
Kowatari, et al., 2009; Moore, Cohen, & Ranganath, 2006; Solso, 2001).
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However, an ability to ignore prototypical mental representations of familiar object categories
may be an advantage possessed by experts with certain kinds of expertise, such as in creating visual art
(Thouless, 1932). In other words, visual artists may be able to process familiar and novel stimuli using
the same mechanism, whereas non-artists may utilize distinct strategies due to an inability to inhibit
top-down perceptual processing of familiar stimuli.
Delineation of "Domain of Expertise"
A central question is whether performance advantages gained through deliberate practice in
one domain transfer to other domains of functioning. Expertise is traditionally defined as domainspecific, but the definition of the term "domain" is elusive (Sternberg, 2005). Different training regimens
over different periods of time at different frequencies produce different levels of eventual skill and
eminence within a given domain, such as musical performance (Ericsson, Krampe, & Tesch-Romer, 1993)
or chess (Chase & Simon, 1973). In general, 10,000 hours or 10 years is considered necessary for
meaningful, world-class expertise to develop (Ericsson et al., 1993). In laboratory studies, expertise is
trained using initially novel object categories which over the course of days or weeks become familiar
(e.g., Moore et al., 2006; Uttal et al., in press), presenting a stark contrast to 10 years of training.
Aside from differences between naturalistic and laboratory operational definitions of expertise,
mixed evidence exists concerning the degree of domain-specificity that training confers. Conclusions
depend upon how researchers choose to study "domains." In several studies, expertise has been shown
to be associated with superior expert performance, provided that the stimulus generally fits the
patterns with which an expert is familiar. In various domains of expertise, domain-relevant stimuli and
configurations among them are associated with an expert advantage, including meaningful chess
configurations for chess masters (Chase & Simon, 1973), contemporary cars for car experts (Curby,
Glazek, & Gauthier, 2009), even digit strings for trained memorizers (Ericsson & Kintsch, 1995), to name
but a few examples. Furthermore, as expertise increases, so does the number of features, or chunks, of
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information that can be recalled, resulting in further enhancement of performance on tasks involving
domain-relevant stimuli (Ericsson & Delaney, 1999). However, if a stimulus or patterns within a stimulus
array are unfamiliar, experts' performance drops to novice levels. For example, chess experts' recall of
random configurations of chess pieces is the same as novices' (Chase & Simon, 1973), and car experts
perform as poorly as novices when recalling inverted cars (Curby et al., 2009).
Ericsson (Ericsson & Delaney, 1999; Ericsson & Kintsch, 1995) proposed that long term working
memory (LT-WM) plays a role in these and other instances of limited expert advantage. LT-WM refers to
the linking of visual input with action relevant to that input. It is distinct from long-term memory (LTM),
in that LTM is stored knowledge gained through deliberate practice. For example, knowing how to
sketch a line of a particular shape is stored in LTM, but retrieving that particular fine-motor program on
the basis of the stimulus being sketched is the function of LT-WM. Under this account of expertise, the
LT-WM mechanism cannot access LTM representations that do not exist, so if a stimulus or patterns
within a stimulus array are unfamiliar, experts' performance drops to novice levels.
An alternative paradigm, attributable to Gibson (1979), suggests that expertise operates at a
more general level. Gibson argued that "extracting and abstracting of invariants are what happens in
both perceiving and knowing... To perceive the environment and to conceive it are different in degree
but not in kind" (p. 258, italics added). This theory of information pickup suggests that interacting with
the environment allows the human organism to gain knowledge about the structure and function of any
object in the environment. One implication of this theory is that with continued deliberate practice,
extraction and abstraction of invariants should become efficient independent of any particular stimulus
category, specifically in comparison to habitually "casual" perception. Seeley and Kozbelt (2008) argued
that visual-art training provides the artist with an efficient system of extracting visual information.
Visual-art expertise is developed through deliberate practice of extracting and abstracting features with
the domain-specific goal of creating sketches that are interpreted as accurate by a viewer (e.g.,
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extracting a shadow from a visual stimulus, and executing a particular cross-hatching motor plan for a
desired shading effect; see Gombrich, 1960). In support of this theory, Kozbelt, Seidel, El Bassiouny,
Mark, and Owen (2010) found that, when given limited resources (i.e., not enough line segments to
reproduce all stimulus features), expert visual artists selected features that led to significantly higher
accuracy ratings compared to non-artist controls.
Essentially, it may be the case that expertise in visual cognition gained from visual art training
may confer processing advantages that are limited to sketching familiar objects, as predicted by the
object-based LT-WM theory. However, the advantage may transcend the bounds of accurately sketching
the familiar, instead also including the sketching of novel stimuli, again through efficient extraction and
abstraction of visual features from any visual stimulus, as long as the goal of visual perception is
sketching.
Theoretically, the processing advantage associated with visual art expertise may transcend
sketching altogether. An even broader form of expertise, one that is not limited by the requirement of
reference to particular object categories, nor by the processing goal of sketching, may be what visual art
training confers upon visual artists. Under such an account, what is trained is expertise in a "higherorder domain" (Sternberg, 2005). Expertise thus may consist of a visual cognition skill or skills that can
be implemented within any subordinate object-specific task (e.g., recognition of novel stimuli) or skillspecific task (e.g., sketching). If this is the case, then, ipso facto, expert visual artists should outperform
novices on tasks that cannot access a mental representation of either a prototypical stimulus or a
sketching goal.
In support of such a higher-order domain of expertise in visual art, Kozbelt (2001) found that
visual art experts outperformed non-artists on several tasks not related to sketching: Identification of
out-of-focus pictures, embedded figures tests, as well as mental rotation of three-dimensional objects.
There is also evidence that visual-art training confers advantages on tasks that transcend even the
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domain of visual cognition, with evidence coming from mathematics performance. There is a positive
correlation between visual art training and math and verbal SAT scores (Vaughn & Winner, 2000).
However, correlation does not imply causation (e.g., parents who push their kids to do art may also push
them to do well in school). Luftig (1994) found that randomly assigning elementary school students to a
curriculum including a visual art course of study caused significantly higher mathematics comprehension
than assignment into a non-arts enhanced curriculum or a control curriculum, suggesting a causal role of
enhanced extraction and abstraction in transfer of these abilities to highly dissimilar areas, including
mathematics.
Seeley and Kozbelt (2008) theorized that motor plans play a complementary role to selective
attention, which biases perception to stimulus features diagnostic for an anticipated task (assumed to
be sketching in most cases). These authors argued that "artists develop specialized spatial schemata and
related motor plans that guide attention and enhance the perception of stimulus features diagnostic for
the identities of objects and scenes" (p. 168). Thus, whereas attention is usually directed toward the
invariants important for sketching a stimulus, expertise in visual art allows the extraction and
abstraction mechanism to be applied to other tasks, as well. These include ostensibly unrelated tasks,
including comprehension of mathematical concepts. In fact, there is evidence supporting the claim that
expertise gained through visual-art training causes automatic and efficient redirection of visual
attention, as well as automatic generation of mental images. Blazhenkova and Kozhevnikov (2010)
collected self-reports from visual artists, scientists, and humanities professionals, and found that visual
artists reported significantly more uncontrolled mental image generation compared to scientists, who in
turn reported full control over mental images. Furthermore, visual artists reported holistic images (i.e.,
fully-formed images), whereas scientists reported sequential image generation (i.e., piece-by-piece
construction of mental imagery). One visual artist's self-report is illustrative: "I always have this image in
my head of what I want to do, or this feeling that I want to express. I always have a visual image in my
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head, no matter what like [sic]... it’s just, it’s always there" (Blazhenkova & Kozhevnikov, 2010, p. 292).
An analogous example involves literacy. James and Gauthier (2006) found that several of the same
prefrontal brain regions showed peak activity both in a condition of only visually perceiving letters and
in a condition of writing perceived letters. The recognition of letters appears to be inextricably bound to
writing them for expert (i.e., literate) readers. Similarly, expert visual artists' visual perception may be
inextricably bound to extraction and abstraction of visual stimulus information, even when sketching is
not the goal of perception. Extraction and abstraction of features can apply to any stimulus in any
perceptual situation, assuming one is an expert in visual art. However, this claim lacks empirical
experimental examination, which constitutes this dissertation.
Distinct Stages of Cognitive Processing
In the context of sketching, extraction and abstraction of visual information from visual stimuli
entails the encoding, retention, manipulation, and output (i.e., drawing1) of stimulus features (Cohen &
Bennett, 1997; Edelman, 1999). Each of these stages is examined in the present experiments.
Encoding and Retention
Several inferences about visual processing can be made on the basis of eye movements (for a
review, see Rayner, 1998). For example, Theeuwes, Olivers, and Chizk (2005) showed that maintenance
of the spatial location of an item in working memory (i.e., without its presence in the field of vision)
causes saccades (i.e., eye movement trajectories) to deviate in the direction of where the maintained
item had been seen, suggesting that the encoding stage and working memory in the absence of the
visual stimulus are closely related. Furthermore, Tremblay, Saint-Aubin, and Jalbert (2006) showed that
participants' use of eye movements as overt rehearsal was not only a default strategy used to maintain
spatial position and serial order of dots presented on a computer screen, but also that denying subjects
use of such a strategy caused a significant decrease in accuracy of recalled order of dot presentation.
1

Note that drawing is the act of motor output, whereas sketching is the entire process from
visual sensation to motor output.
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Hayhoe, Ballard, and Pelz (1995) demonstrated that undergraduate participants externalized working
memory as a default strategy; instead of encoding an entire to-be-replicated pattern of blocks and then
setting to work replicating it, participants visually encoded a chunk of the model, and replicated that
portion before returning their gaze to the pattern to repeat the process. Such directing of attention so
as to avoid overburdening working memory speaks to the capacity limits of the ability to retain large
amounts of visual information accurately.
There is evidence that eye movements are important in sketching, as well. When free to move
their eyes to and from a stimulus during sketching, expert visual artists referenced the stimulus (i.e.,
moved their eyes from paper to stimulus during sketching) significantly more frequently than novices
(Cohen, 2005; Tchalenko, 2009). Experimentally manipulating the refresh rate (i.e., alternately
illuminating the stimulus and drawing pad every 1, 5, or 15 s) affected blindly-judged accuracy of
experts’ sketches. Lower refresh rates (i.e., stimulus visible only every 15 s) yielded significantly less
accurate sketches, and the manipulation had no effect on novices' accuracy, which was at floor for all
refresh rates (Cohen, 2005).
If expert visual artists possess a sketching-specific advantage, it could be argued that they
should be able to encode, retain, and output more information per unit of time spent fixating a visual
stimulus than novices. However, the data of Cohen (2005) and Tchalenko (2009) contradict this
prediction; experts utilize high-frequency refresh rates, suggesting that they do not store larger chunks
of stimulus information. In other words, expert visual artists may be able to extract visual properties, but
not process them into an accurate mental representation, nor retain them over extended delays. In
control populations, modality-specific object memory decays within 20 seconds of withdrawal of a
stimulus from view (for a review, see Cowan, 1988), and this process may be accelerated in visual artists.
If they rely on modality-specific representations, they must refresh the visual properties of the stimulus
in order to maintain sketch accuracy.
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However, these encoding patterns during sketching apply only to relatively complex stimuli,
including faces (Cohen, 2005) and standing nudes (Tchalenko, 2009). For sketches of straight and curved
individual lines and squares, there do not appear to be differences in eye movement patterns between
experts and novices under unconstrained conditions (Tchalenko, 2007). Since stimulus complexity may
affect eye movement patterns, it was experimentally manipulated to test the limits on expert visual
artists' visual cognition advantage.
Manipulation
Manipulating mental representations is distinct from retaining them (Blazhenkova &
Kozhevnikov, 2010; Kosslyn, 1996). For example, imagining what something would look like upsidedown requires more cognitive effort than simply imagining it the way that it was actually seen. In a
review comparing evidence for modality-specific and modality-independent representations, Barsalou,
Simmons, Barbey, and Wilson (2003) found that little empirical evidence exists for modalityindependent representations (see also Barsalou, 1999). This finding implies that working memory is
modality-specific, as in Baddeley’s (e.g., 1992) model, in which visual and verbal stimuli are maintained
in dedicated modules from which a central executive process selects relevant information. However,
Kane et al. (2004) found that only retention is modality-specific, whereas manipulation is more abstract
(i.e., not modality-specific), the distinction being that merely retaining a representation in mind requires
less cognitive effort than also performing mental operations upon it. Mental rotation experiments
consistently show a linear increase in response time that is positively correlated with angle of rotation
between two to-be-matched geometric shapes (e.g., Shepard & Metzler, 1971; Tarr & Pinker, 1989). This
implies that if the visual features of two shapes cannot be directly mapped on to each other, then there
is more effort required to compare their features. As angle of rotation between the shapes increases, so
does the difficulty in mapping visual features between the shapes. Processing becomes more about
manipulation of mental representations and imagining what the shapes look like, as opposed to being
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able to actually see what the shapes look like. In other words, spatial relations among the features of
objects must be processed instead of the features themselves. Interestingly, Kozbelt (2001) found that
expert visual artists outperformed control participants on a mental rotation task. This suggests that this
population has an advantage in manipulating amodal representations. However, it is unclear whether
this advantage is robust, and it has not been directly compared to retention ability.
The present experiments were designed to directly compare the difference in visual artists'
retention and manipulation abilities. Furthermore, the rates of decay of modality-specific and amodal
representations were examined by manipulating the delay between encoding and output.
Recall and Motor Output
There is a paucity of research on later stages of processing during sketching, namely the finemotor output itself. Cohen and Bennett (1997, Experiment 2) found that motor coordination did not
contribute to sketching inaccuracies. However, this conclusion was based on blindly judged tracing
accuracy, not on original motor output performed by their participants. Miall and Tchalenko (2001; see
also Tchalenko, Dempere-Marco, Hu, & Yang, 2003) performed analyses of eye and hand movement
patterns of a famous portrait artist during sketching, and described a pattern of the eyes moving from
the model stimulus to the paper and back (analogous to the pattern found by Hayhoe et al., 1995 in the
block pattern replication task), as well as the hand moving to and away from the paper. However, their
results were limited to a case study, and quantification was limited to eye movement data. Furthermore,
studies performed to date leave the reader to assume that if the eyes are not on the stimulus, the
participant is drawing, which is not necessarily the case. In the pages to follow, several techniques of
quantifying fine-motor output that were used in the present experiments are described and evaluated in
the context of the perception-action cycle.
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Potential Neural Mechanisms Underlying Expert Performance
Left dorsolateral prefrontal cortex (dlPFC) can be likened to an attentional bottleneck. Many
competing sensory pathways project to left dlPFC, and its function is associated with the selection and
abstraction of modality-specific mental representations into amodal ones (e.g., Anderson, Qin, Jung, &
Carter, 2007; for a review, see Yoon, Curtis, & D'Esposito, 2006). Anderson et al. (2007) showed that left
PFC activity was equally strong when stimuli were presented visually or aurally, indicating that left PFC
activity underlies generation of amodal mental representations. Furthermore, these authors found
equal activity in left PFC regardless of modality of output (either verbal or motor), indicating that left
PFC activation underlies not only modality-independent processing of sensory inputs, but also modalityindependent output commands. Importantly, these authors confirmed that, in cortical regions posterior
to PFC, there were significant differences in activation depending upon modality of input and/or output.
Evidence of the role of left PFC in accurate sketching was obtained by Snyder et al. (2003). These
authors showed that muting left PFC activity using transcranial magnetic stimulation increased accuracy
of sketches. Thus interfering with left PFC function caused two notable phenomena compared to a
placebo condition. First, there were changes in the styles of drawings. Second, participants reported
having spontaneously learned to draw. For example, one participant reported that he was "more ‘alert’
and ‘conscious of detail’ and that [the authors] had ‘taught him how to draw’" (p. 154). Furthermore,
when left PFC was muted, "he became acutely aware of detail in his surrounds” (p. 154). Essentially,
participants had increased access to mental representations rich in visual features, rather than to
amodal (i.e., canonical) representations. These results and self-reports further corroborate the mental
imagery experiences of visual artists reported by Blazhenkova and Kozhevnikov (2010), as well as
evidence from case studies of frontal lobe degeneration, in which left PFC atrophy is associated with
increases in visual art production (Liu et al., 2009; Mell, Howard, & Miller, 2003).
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Since visual art experts have the ability to accurately sketch what they see, they might possess a
general visual processing advantage that is grounded in attenuated left PFC function. Furthermore, it is
possible that expert visual artists' left PFC activation is attenuated not only when sketching, but also
when perceiving the world on a regular basis (i.e., when the goal of cognition does not explicitly involve
sketching). If this is the case, an expert visual perception advantage should be evident for both familiar
and novel stimuli, both when sketching and when perceiving the world in general.
Whereas the above discussion of visual artists' neural processing is speculative due to the
paucity of neuroscientific literature on the topic, left PFC hypoactivity is known to be prevalent in the
schizophrenia spectrum of disorders (Folley & Park, 2005; MacDonald & Carter, 2003; MacDonald et al.,
2005; Perlstein et al., 2001). The cognitive neuroscience literature on the schizophrenia spectrum is
much richer compared to that on visual art. If behavioral evidence obtained from expert visual artists is
consistent with behavioral and self-report patterns found in schizophrenia-spectrum patients, a
tentative argument can be made that would motivate future neuroimaging studies of visual art
expertise.
Schizotypic personality disorder (SPD) is, phenotypically, an attenuated form of schizophrenia
(whether its etiology involves distinct cognitive and neural mechanisms is not fully understood; for
reviews see Dickey, McCarley, & Shenton, 2002; Schuldberg, 2000-2001). SPD patients perform similarly
to creative participants (a population that includes visual artists) on several tasks, including creative
drawing and verbal tasks (Miller & Tal, 2007), divergent thinking tasks (Folley & Park, 2005; Spitzer,
Braun, Hermle, & Maier, 1993), latent inhibition tasks (Baruch, Hemsley, & Gray, 1988; Carson,
Peterson, & Higgins, 2003), and constraint-by-examples tasks (Abraham, Windmann, McKenna, &
Gunturkun, 2007; Abraham & Windmann, 2008). Also, schizotypic and creative populations overlap in
terms of self-reports of unusual experiences, magical thinking, and non-conformity (Burch, Pavelis,
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Hemsley, & Corr, 2006; Getzels & Csikszentmihalyi, 1976; Raine, 2006). Notably, Getzels and
Csikszentmihalyi (1976) studied exclusively visual artists.
If visual artists report a schizotypic personality profile, their left PFC may lack the capacity to
create abstracted stimulus representations. The Schizotypal Personality Questionnaire-Brief (SPQ-B;
Raine & Benishay, 1995) reliably assesses SPD, thus providing clues via participants' self-reports as to the
cytoarchitecture of their prefrontal cortical networks.
Behavioral evidence is also of interest in order to bolster claims about neural function. All along
the schizophrenia spectrum of disorders, mental imagery decays faster than in control participants.
Keefe et al. (1995) had participants visually encode the location of a dot on an 8.5 by 11 inch piece of
paper for 5 s, then draw a dot on a blank piece of paper in the same location either immediately or after
a 30 s delay during which they performed a verbal distracter task. After a 30 s delay, schizophrenic
participants made significantly greater distance errors than control subjects, which was not true in the
immediate condition. The same pattern held for 10 and 20 s delays (Keefe, Lees Roitman, & Dupre,
1997). Using the same paradigm, Lees Roitman et al. (2000) found that the same pattern held for SPD
participants. At immediate recall there again was no significant difference in accuracy of dot placement
between SPD and control participants. However, after a 10 s delay, the SPD participants evidenced
significantly greater distance errors than control participants when placing a dot.
Folley and Park (2005) found increased bilateral prefrontal activation in SPD participants
compared to controls and schizophrenic participants. This pattern may serve as a compensatory
mechanism (Siever et al., 2001) for left PFC dysfunction, whereas cases in which there is no
compensation from right PFC may have maladaptive outcomes, and be diagnosed as schizophrenia.
Potentially then, increased communication between left and right PFC could be the key to expert visual
artists' ability. Fine-motor control (implicated in drawing) has been shown to be mediated by right PFC in
both laboratory tasks (e.g., Averbeck et al., 2002; Ehrsson et al., 2000) and a case study of an eminent
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portrait artist (Solso, 2001). The anterior portion of the corpus callosum, the mass of white matter fibers
through which the two hemispheres of the brain communicate, has greater fractional anisotropy (i.e.,
integrity; Le Bihan, 2003) in expert musicians compared to non-musicians (Schmithorst & Wilke, 2002).
In fact, Hyde et al. (2009) found that children randomly assigned to 15 months of musical training
evidenced significantly larger midbody corpus callosum relative to a control group. Furthermore, posttraining midbody corpus callosum size was significantly positively correlated with other fine-motor
control tasks. These results demonstrate that training of fine-motor tasks (theoretically including
accurate sketching from life) causes increased prefrontal interhemispheric connectivity.
In all, then, expert visual artists may have access to modality-specific representations due to
attenuated left PFC function, as well as an ability to translate those representations into accurate finemotor programs thanks to their reliance on extraction of visual features from the environment (Gibson,
1979; Seeley & Kozbelt, 2008) with the implicit goal of sketching what they see. The present studies
gathered both self-report and behavioral data that would corroborate or disprove this hypothesis.
The Present Experiments
Previous research on expertise suggests that different domains of expertise yield perceptual
advantages that extend beyond the trained domain to either a limited or extensive degree. Experts'
advantages are limited to either specific categories of objects, or to specific cognitive processes. Since
visual art is a domain of expertise that emphasizes visual perception with the goal of sketching, visual art
experts' domain of expertise may be defined as sketching. This population was selected for study as an
example of the potential for expertise to alter perceptual processing. Visual art is also an interesting
area per se, and conclusions about experts' processing patterns can inform education and development.
The current experiments tested how far any processing advantage possessed by visual art experts
(henceforth experts) extends beyond sketching familiar stimuli. The eye and hand movement patterns of
groups of experts and novices were quantified. Specifically, the stages of perceptual processing that can
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be affected were examined. Visual encoding with immediate fine-motor output, as well as visual
encoding with maintenance and manipulation of mental representation during a delay before output
allowed for detailed analyses of where an expert advantage was evident. The delay conditions also
allowed for indirect examination of localized brain function. A self-report measure of schizotypic
personality disorder was also used in order to do so.
In Experiment 1a, expert and control participants' unconstrained eye and hand movement
patterns were recorded during sketching. This was done in order to ascertain whether an expert
advantage exists for the domain-specific task of sketching familiar stimuli, and whether this advantage
extended to sketching of unfamiliar and/or complex stimuli. To date, no studies have directly compared
the effects of stimulus familiarity and complexity on cognitive processing during sketching.
In Experiment 1b, expert and control participants' performance was compared on a visualrecognition task that was not specific to the domain of expertise, where expertise is operationalized as
sketching ability. In other words, the experts' domain-specific advantage of sketching as a goal of visual
perception was taken away through the use of a recognition task.
Whereas both Experiments 1a and 1b involved essentially immediate output via sketching or
responding, Experiments 2a and 2b manipulated the delay between encoding and output. This allowed
for the examination of the expert advantage in retaining visual features, as well as manipulating them.
The delay between encoding and responding also served the purpose of gathering tentative behavioral
evidence for the neural substrates of altered visual perception in experts.
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CHAPTER 2
EXPERIMENTS 1A AND 1B
EXPERIMENT 1A
Experiment 1 was administered as two separate tasks presented in counterbalanced order. The
patterns of groups of experts and novices in terms of both input (eye movements) and output (hand
movements) during sketching were quantified in Experiment 1a. If experts possess a motor advantage in
addition to an encoding advantage, they should be able to produce significantly more motor output per
unit of visual input than novices. What can be called output chunk size was measured, using the ratio of
amount of motor output divided by amount of visual input (henceforth O/I ratio, described in detail
below), which was predicted to be significantly higher for experts than novices. Furthermore, if novices
are affected by top-down perceptual influence (i.e., mental representations of familiar stimuli) and
experts are not, the novices' O/I ratio, as well as the novices' sketch accuracy, should suffer when
presented with exemplars of familiar stimulus categories (e.g., wine glasses, trees), whereas the experts'
should not. If so, it would suggest efficient linkages between visual input and motor output (i.e., an
efficient LT-WM structure) for any visual stimulus by experts, as long as the overarching goal of
sketching remains intact 2.
This experiment is the first to involve experimental manipulations of stimulus novelty and
complexity in a sketching task and examine the effects on eye and hand movement strategies of experts
and novices. If experts possess a general visuomotor advantage (irrespective of stimulus novelty or
complexity), they should encode familiar and novel stimuli by utilizing the same eye movement patterns
and sketch using the same hand movement patterns, whereas novices should utilize distinct strategies
for encoding and sketching familiar versus novel stimuli of varying complexity. On the other hand, if
actual familiarity with stimuli is necessary for efficient sketching (i.e., if the experts' LT-WM structure is
2

This does not preclude the higher-order domain from transferring outside of sketching (see
Experiment 1b).
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only able to efficiently process links between familiar objects and their respective motor programs),
then two predictions should be supported. First, experts' visual encoding strategies, motor output
strategies, and accuracy should falter if novel stimuli are presented to them for sketching, due to the
lack of representations of stimuli and associated motor programs in long-term memory. Second, given
complex familiar stimuli to sketch, experts' visual encoding and motor output strategies, as well as the
rated accuracy of their sketches, should be the same as for simple familiar stimuli, whereas those of
novices should falter. Furthermore, if motor processing is implicated in the expert advantage, experts
should evidence a higher O/I ratio than novices.
Method
Stimuli and Apparatus
Stimuli rated as most familiar from a normed set (Snodgrass & Vanderwert, 1980), and entirely
novel ones (Chinese ideograms) were used. Within each of those categories, complexity was
manipulated. Stimuli rated as most familiar were sorted according to complexity (as rated by Snodgrass
and Vanderwert's participants) and the 10 simplest and 10 most-complex were selected. The 10 familiar
simple stimuli had a mean complexity rating of 1.60 out of 5 (SD = .25), and the 10 familiar complex
stimuli had a mean complexity rating of 3.78 out of 5 (SD = .31), a significant difference (p < .001). A
sample of unique Chinese ideograms from various Chinese-language websites was selected , and their
features counted (i.e., number of line segments). The final set of 10 novel simple stimuli had a mean of
5.50 features (SD = .51), and the final set of 10 novel complex stimuli had a mean of 13.85 features (SD =
1.66), a significant difference (p < .001). Thus, complexity was explicitly controlled for both novel and
familiar stimuli in order to examine its effect on eye movement behavior (see Figure 1 for examples of
all stimulus categories).
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Stimuli were presented using E-Prime software, version 2.0 on a Tobii 1750 eye tracker
(Psychology Software Tools, Pittsburgh, PA) set to 1024 x 768 pixels screen resolution, sampling eye
position at 50 Hz and with a screen refresh rate of 50 Hz. The eye tracker was calibrated at the outset of
Familiar

Novel

Complex

Simple
Figure 1. Examples of stimuli from the four stimulus categories. Note that stimulus types are always
abbreviated as follows: FC = familiar complex, FS = familiar simple, NC = novel complex, and NS = novel
simple.
each session prior to data collection to ensure reliable eye tracking. Participants sketched using a stylus
on the screen of a tablet PC running CogSketch software, version 1.131, with a simplified graphic user
interface (SILC, Chicago, IL). When the stylus was in contact with the screen, its position was sampled at
33 Hz.
Participants
Novices (n = 8, mean age = 19.9 years, five females) were recruited from Temple University's
undergraduate subject pool, and given the option of course credit or cash for their participation. Experts
(n = 8, mean age = 30.1 years, six females) were recruited using fliers posted around the Philadelphia
community, and had to meet the following criteria for expertise: Have at least five years of formal art
training, be at least 18 years old, must draw or paint more than once a week, and have drawn or painted
at most one week ago. All this information was gathered via e-mail or telephone interviews prior to
participation. Experts all reported at least five years of experience (M = 18.69, SD = 11.32) and
frequencies of drawing and/or painting of at least five times per week (a majority reported frequencies
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of more than once per day). Conversely, novices without exception reported little to no art training
(other than required courses) and frequencies of drawing and/or painting of at most once per month (M
= 0.25 days per month, SD = 0.38). All participants were right-handed and had normal or corrected to
normal vision. Experts were paid for their participation. All participants gave informed consent.
All novices were screened for art expertise following their experimental session, and reported
little to no art expertise. All participants were screened for proficiency in reading, writing, and speaking
Chinese 3, and reported no familiarity with Chinese.
Design and Procedure
The resulting design was a three-factor mixed model. Factor 1 (between-subjects) was expertise
(novice or expert participant). Factor 2 (within-subjects) was stimulus familiarity (familiar or novel).
Since no participants reported familiarity with Chinese, it was assumed that they did not possess longterm representations of the ideogram stimuli. Furthermore, it was assumed that subjects possessed
long-term representations of the familiar stimuli. Factor 3 (within-subjects) was stimulus complexity
(simple or complex stimulus). Thus, participants sketched 10 familiar simple stimuli, 10 familiar complex
stimuli, 10 novel simple stimuli, and 10 novel complex stimuli in random order. Participants were
informed that they had 60 s to render each of the 40 stimuli as accurately as possible, with the
opportunity to rest between trials. If a participant finished rendering before 60 s elapsed, she pressed
the space bar on the keyboard in front of the monitor. If she did not finish, the stimulus disappeared
once 60 s elapsed. Following a practice trial to provide familiarization with the stylus and tablet, all
participants sketched all 40 stimuli.
Once all data had been collected, four judges blind to the identity of the participants and each
others' ratings rated all sketches of all participants for accuracy. The judges were undergraduate
research assistants working on various projects with the author; none of the judges had any contact
3

The only Chinese speaker (novice), excluded from analyses, evidenced patterns consistent with
the expert group.
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with any of the participants or their data. The target stimulus and a sketch of it (both proportionately
resized so as to have the larger of the height and width set to 300 pixels) were presented side-by-side on
a computer screen using E-Prime software, version 2.0 (Psychology Software Tools, Pittsburgh, PA).
Judges rated the accuracy of each sketch on a 7-point Likert scale, with 1 representing "least accurate"
and seven representing "most accurate." Since the judges' task did not involve evaluation of aesthetic
value, creativity, or other domain-specific criteria, and given the rudimentary qualities of the stimuli (see
Figure 1), expert judges (e.g., art critics; calligraphers) were not required (Amabile, 1996).
Data Acquisition and Analysis
Both visual encoding and motor output were examined. Overall encoding time, individual
encoding durations, focal encoding breadths, total encoding breadths, overall sketching time, individual
sketching durations, focal sketching breadths, and total sketching breadths are all introduced and
described. Their respective merit as metrics of information processing are then borne out in the Results
and Discussion sections. For analysis, each participant's data were averaged within-condition. Thus, each
dependent variable consists of eight data points per group per condition.
Eye Data. Duration of the eyes on the on-screen stimulus was used as one unit of visual encoding, which
included both fixations and saccades (Rayner, 1998). Overall encoding time refers to the proportion of
trial time spent encoding, and individual encoding duration refers to successive glances at the to-besketched stimulus, operationalized as 60 consecutive ms or more of a participant's gaze falling within
the rectangular area subsuming an on-screen stimulus. It was predicted that novices would require
longer encoding durations when sketching familiar stimuli than novel stimuli, in order to overcome
conflict between the stimulus and its canonical LT-WM representation, and that experts would not
evidence a difference between familiar and novel stimuli.
Breadths of individual encoding durations were also examined, in two ways. The first employed
standard deviations of the recorded X and Y coordinates during an encoding duration, while the second
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was a measure of total Euclidean distance traversed by the eyes over the course of an encoding
duration. Using the first method, deemed the focal encoding breadth, the standard deviation (SD) of the
X coordinates (SDX), and the SD of the Y coordinates (SDY) of each encoding duration were calculated
separately. The Pythagorean Theorem was applied to these values, using SDX and SDY as the legs of a
right triangle. The resulting hypotenuse was used as a measure of an individual encoding duration's focal
breadth. This method weights saccades (i.e., rapid eye movements from one area of focus to another;
up to 4o of visual angle) in such a way as to minimize their impact, since saccades are outlying values on
this breadth measure. The obtained hypotenuse is a measure of the spatial focus (or lack thereof) of an
encoding duration, irrespective of its actual location on the stimulus. It was predicted that experts
would encode in a more local fashion (i.e., their encoding durations would have smaller breadths) than
novices for all stimulus types.
The second method of examining encoding duration breadth, deemed the total encoding
breadth, was the total distance covered by the participant's gaze during an encoding duration. This
distance includes all movements of the eyes, including saccades, nystagmus, drifts, and microsaccades.
Whereas some researchers argue that cognition effectively pauses during eye movements, others argue
that they contribute to continued firing of nerve cells in the retina (for a review, see Rayner, 1998). The
total encoding breadth was calculated by summing the Euclidean distance between successive
recordings of eye position over the course of each encoding duration. It was predicted that experts
would cover less distance than novices during an encoding duration, indicating more efficient visual
processing.
Hand Data. Prior to analyzing drawing durations and breadths, sketch sizes were examined; significantly
different sketch sizes between groups for any stimulus type would confound any results pertaining to
sketching breadth. The total area (in pixels) of each sketch was calculated, as defined by the left-, right-,
top-, and bottom-most pixels that contained digital ink. No pairwise comparison between groups was
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significant (all ts < 1.84, all ps > .09); no stimulus type yielded significantly larger or smaller sketch areas
between groups.
Duration of the stylus being in contact with the tablet was used as one unit of motor output,
which included both overall sketching time (i.e., proportion of trial time spent sketching) and individual
sketching duration (absolute durations). These measures were used so as to be analogous to the
duration measures for the eye data. Individual sketching duration was calculated as the ratio of total
sketching time divided by the number of encoding durations per trial.
Focal sketching breadth was calculated using an analogue of the technique used for the focal
encoding breadth measure. Furthermore, the analysis was focused on comparing motor output as a
function of visual encoding. Therefore, the number of lines sketched per unit of visual encoding was
required. The number of lines sketched per encoding duration was variable (M = 1.33, SD = 1.49).
Therefore, there was a need to take into account the fact that some sketching durations had breadths
composed of more than one line, and some of one line or less. The average breadth of each line was
calculated using the same technique as described for focal encoding breadth (i.e., the square root of the
sum of SDX squared and SDY squared). For each participant and stimulus type, if the average sketch of a
given stimulus type had one or less lines per encoding duration, focal sketching breadth was calculated
as
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𝐿𝑛+1 − 𝑋𝐿𝑛 was the mean distance between the X coordinates of two consecutive lines,
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𝑛𝐿
𝑛𝐸𝐷

was the number of lines per sketch over the number of encoding durations per sketch.

Total sketching breadth for each trial was calculated as the ratio of the total Euclidean distance

traveled by the stylus to the number of encoding durations.
For all the motor output measures, it was hypothesized that experts would draw more of the
stimulus and draw for a longer period of time than novices before returning their gaze to the stimulus.
Furthermore, it was predicted that novices would sketch less of a familiar stimulus for shorter periods of
time, again due to the interference from long-term memory representations.
Results
Participants
Experts were significantly older than novices (t(14) = 2.48, p < .05). However, standard and
stepwise multiple regressions revealed that age did not contribute significant unique variance to any
dependent variables. All analyses are therefore reported without age as a covariate.
Sketch Accuracy
Sketch accuracy ratings are summarized in Figure 2. Concerning reliability of the ratings, all
intraclass coefficients (ICC; McGraw & Wong, 1996; Shrout & Fleiss, 1979) were significant (all average
ICCs > .82, all ps < .001), indicating that the average of all four judges' scores were consistent for each
stimulus type. A two (expertise) by two (complexity) by two (novelty) mixed ANOVA revealed the
following effects. There was a significant effect of expertise (F(1, 14) = 20.13, p = .001, ηP2 = .59), with
experts' sketches rated as more accurate. There was also a main effect of stimulus novelty (F(1, 14) =
8.75, p = .01, ηP2 = .39), with sketches of novel stimuli rated as more accurate; and a main effect of
stimulus complexity (F(1, 14) = 28.85, p < .001, ηP2 = .67), with sketches of simple stimuli rated as more
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accurate. There was a significant interaction of stimulus novelty and expertise (F(1, 14) = 10.86, p < .01,
ηP2 = .44), with experts' sketches of familiar stimuli rated as more accurate than novices' sketches of
familiar stimuli. Finally, there was an interaction between stimulus complexity and expertise (F(1, 14) =
8.64, p < .05, ηP2 = .38), with experts' sketches of complex stimuli rated as more accurate than novices'
sketches of complex stimuli. Simple-effects tests revealed that, whereas for experts, sketches of all
stimulus types were equally accurate (all ts < 1.78, all ps > .12), for novices there were significant
differences between stimulus types, as follows. Familiar complex sketches were less accurate than all
other stimulus types (all ts > 5.33, all ps < .01), and familiar simple sketches were less accurate than
novel simple sketches (t(7) = 3.42, p = .01). Essentially, experts were able to maintain the same level of
accuracy for all stimulus types, but novices' accuracy suffered when the stimuli were familiar. This
supports the idea that long-term memory representations of stimuli interfered with novices’
performance, more so if complexity increased, whereas experts were able to avoid this pitfall. In order
to begin to answer the question of what kind of processing underlies this expert advantage, the eyetracking results are reported next, followed by the hand-tracking results.
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Figure 2. Blindly rated accuracy of sketches by stimulus type. Note the significant drop for novices'
accuracy as stimuli become more familiar and/or complex, and the lack thereof for experts' accuracy.
Error bars represent one standard error.
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Eye Movements
Overall Encoding Time. Proportion of trial time was used for this analysis, because some trials
required all 60 s, whereas others were finished ahead of the time limit. Figure 3 summarizes these
results. There was a significant main effect of expertise (F(1, 14) = 6.43, p < .05, ηP2 = .32), with novices
using a larger proportion of trial time to encode the stimuli than experts. There was also a significant
main effect of stimulus complexity (F(1, 14) = 46.08, p < .001, ηP2 = .77), with complex stimuli requiring
more encoding time. There was also a significant interaction between stimulus complexity and stimulus
novelty (F(1, 14) = 6.96, p < .05, ηP2 = .33), which resulted from familiar complex stimuli requiring more
total encoding time than novel complex stimuli (t(15) = 2.47, p < .05), and no effect of familiarity for
simple stimuli. These results support the validity of the stimulus types being distinct insofar as they
demanded varying degrees of visual attention, and that expertise also plays a role in eye movements.
Overall encoding time was negatively correlated with judged accuracy for familiar complex
stimuli (r(14) = -.62, p < .05), and familiar simple stimuli (r(14) = -.67, p < .01). While non-significant, the

Proportion of trial time spent

correlations were also negative for both novel complex and novel simple stimuli (rs < -.31, ps > .14).
0.6
0.5
0.4

Novices
Experts

0.3
0.2
0.1
0.0
FC
FS
NC
NS
Encoding each S type

FC
FS
NC
NS
Drawing each S type

Figure 3. Overall proportion of trial time spent encoding (left) and drawing (right) by novices and
experts. Note that experts encode less and yet draw more. Error bars represent one standard error.
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Individual Encoding Durations. In order to examine the above effects in more detail, individual
encoding durations were analyzed using a two (expertise) by two (stimulus complexity) by two (stimulus
novelty) mixed ANOVA. There was a significant main effect of expertise (F(1, 14) = 7.79, p < .05, ηP2 =
.36); experts' encoding durations were significantly shorter than novices' (see Figure 4). As with overall
encoding time, there was also a significant main effect of stimulus complexity (F(1, 14) = 56.85, p < .001,
ηP2 = .80), with longer encoding durations for complex stimuli. There was also a main effect of stimulus
novelty (F(1, 14) = 79.29, p < .001, ηP2 = .85), with shorter encoding durations for novel stimuli. There
were three significant interactions. The first of these was stimulus complexity by expertise (F(1, 14) =
4.67, p < .05, ηP2 = .25). The second was stimulus novelty by expertise (F(1, 14) = 21.16, p < .001, ηP2 =
.60). Finally, there was a stimulus complexity by stimulus novelty by expertise interaction (F(1, 14) =
7.08, p < .05, ηP2 = .34). Essentially, as stimulus complexity and novelty changed, so did the novices'
encoding strategies, which was also true for experts, albeit to a significantly lesser extent (see Figure 4).
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Figure 4. Individual encoding durations for novices and experts by stimulus type. Error bars represent
one standard error.
Encoding durations were negatively correlated with judged accuracy for familiar complex stimuli
(r(14) = -.70, p < .01), and familiar simple stimuli (r(14) = -.64, p < .01). While non-significant, the
correlations were also negative for both novel complex and novel simple stimuli (rs < -.30, ps > .21).
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Since the correlations were non-significant for novel stimuli, these results suggest that a rapid-encoding
strategy aids in overcoming the top-down effects associated with LT-WM representations of familiar
stimuli. Even though experts utilized shorter encoding durations for novel stimuli, these were not
correlated with accuracy. Apparently, the presence of long-term memory representations necessitates
short encoding durations for overcoming them in order for accuracy to be maintained.
Focal Encoding Breadth. A two (expertise) by two (stimulus complexity) by two (stimulus
novelty) mixed ANOVA revealed a significant main effect of expertise (F(1, 14) = 4.76, p < .05, ηP2 = .25;
see Figure 5), with experts' encoding being significantly less broad than novices'. There was also a
significant main effect of stimulus novelty (F(1, 14) = 159.31, p < .001, ηP2 = .92), with smaller areas
being encoded for novel stimuli. No other main effects or interactions were found. Thus, not only did
experts encode stimuli faster than novices, they did so by scanning a smaller area of the stimulus each
time. Focal encoding breadth was negatively correlated with sketch accuracy for all stimulus types, but
none of the correlations reached significance (all rs < -.13, all ps > .09).
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Figure 5. Mean focal breadths of individual encoding durations (i.e., hypotenuse lengths) of encoding
durations. Error bars represent one standard error.
Total Encoding Breadth. A two (expertise) by two (stimulus complexity) by two (stimulus
novelty) mixed ANOVA revealed a significant main effect of expertise (F(1, 14) = 5.87, p < .05, ηP2 = ..30;
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see Figure 6); novices always had more total eye movement per encoding duration than experts. There
was also a main effect of stimulus complexity (F(1, 14) = 23.86, p < .001, ηP2 = .63); complex stimuli
required more total eye movement per encoding duration than simple stimuli. There was also a main
effect of novelty (F(1, 14) = 114.05, p < .001, ηP2 = .89); novel stimuli required less eye movement than
familiar stimuli. There was also a significant novelty by expertise interaction (F(1, 14) = 8.41, p = .01, ηP2
= .38); the difference between familiar and novel stimuli was more pronounced for novices than for
experts. As opposed to focal encoding breadth, total encoding breadth was highly significantly

Total encoding breadth (in pixels)

negatively correlated with sketch accuracy for all stimulus types (all rs < -.60, all ps < .05).
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Figure 6. Total Euclidean distances covered by the eyes during an encoding duration. Error bars
represent one standard error.
For all stimulus categories, focal encoding breadth and total encoding breadth were significantly
positively correlated (all rs > .51, all ps < .05). In order to more closely examine the relationship between
expertise and encoding strategy, a ratio was calculated of total encoding breadth to focal encoding
breadth for each participant. This ratio revealed a significant main effect of expertise (F(1, 14) = 3.44, p <
.05, one-tailed, ηP2 = .20), with experts encoding less total distance per focal area than novices. In other
words, experts did not encode stimuli as densely as novices. There was also a significant expertise by
stimulus complexity interaction (F(1, 14) = 5.45, p < .05, one-tailed, ηP2 = .28). Paired-sample t tests
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revealed that for experts, there were no significant differences between any stimulus types (all ps > .09),
but for novices, there were significant differences between familiar complex and familiar simple stimuli
(t(7) = 6.51, p < .001) and between familiar complex and novel simple stimuli (t(7) = 6.51, p < .001).
Essentially, experts encoded stimuli more focally, and had less total eye movement within their
more-focused encoding durations. They also did not require more dense encoding of any stimulus type,
again suggesting that their encoding patterns are similar regardless of stimulus content. These patterns
were associated with increased sketch accuracy.
Hand movements
Overall Sketching Time. There was a main effect of stimulus complexity (F(1, 14) = 6.99, p < .05,
ηP2 = .33), with complex stimuli being sketched longer than simple ones. There was also a significant
stimulus complexity by stimulus novelty interaction (F(1, 14) = 19.80, p = .001, ηP2 = .59), resulting from a
significant difference between familiar complex and familiar simple stimuli (t(15) = 3.59, p < .01), and a
lack thereof between novel complex and novel simple stimuli (t(15) < 1). Figure 3 summarizes these
results.
Interestingly, there was no effect of expertise (p > .30, ηP2 = .07). However, this initial analysis
does indicate that, just as for encoding, the stimulus types were distinct in terms of the cognitive
resources they demanded of the participants. Specifically, familiar simple stimuli appear to have
required the least effort. There were no significant correlations between overall sketching time and
sketch accuracy for any stimulus type.
Individual Sketching Durations. There was a marginally significant main effect of expertise (F(1,
14) = 2.66, p = .06, one-tailed, ηP2 = .16), with experts' sketching durations longer than novices'. There
was a significant stimulus complexity by stimulus novelty interaction (F(1, 14) = 5.40, p < .05, ηP2 = .28),
resulting from a significant difference between novel simple and novel complex stimuli (t(15) = 2.24, p <
.05), and a lack thereof between the other stimulus categories; novel simple stimuli had longer sketching
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durations per encoding duration than the other stimulus types. Controlling for encoding duration (i.e.,
by utilizing O/I ratios) yielded a significant effect of expertise (F(1, 14) = 4.10, p = .03, one-tailed, ηP2 =
.23; see Figure 7), with experts' O/I ratios larger than those of novices. There was also a marginally
significant main effect of stimulus novelty (F(1, 14) = 4.34, p < .06, ηP2 = .24); novel stimuli were
associated with larger O/I ratios. There was also a significant main effect of stimulus complexity (F(1, 14)
= 8.34, p < .05, ηP2 = .37), with simple stimuli having larger O/I ratios. Finally, there was an important
significant interaction between stimulus novelty, stimulus complexity, and expertise (F(1, 14) = 5.07, p <
.05, ηP2 = .27); for novices, there were no significant differences in O/I ratios between any of the
stimulus types (all ts < 2.10, all ps > .07). However, for experts, there was a significant difference
between novel complex and novel simple stimuli (t(7) = 2.44, p < .05), with the O/I ratio for novel simple
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Figure 7. Time spent drawing per unit of time spent encoding (i.e., O/I ratio). Error bars represent one
standard error.
The O/I ratio for novel complex stimuli was significantly positively correlated with novel complex
sketch accuracy (r(14) = .58, p < .05), and O/I ratio for novel simple stimuli was significantly positively
correlated with novel simple sketch accuracy (r(14) = .68, p < .01). Familiar complex O/I ratio was
marginally significantly positively correlated with familiar complex sketch accuracy (r(14) = .43, p < .10).

30
Despite not reaching significance, the correlation between O/I ratio and accuracy was also positive for
familiar simple stimuli.
Essentially, experts had more motor output than novices per unit of encoding of the to-besketched stimulus, and this disparity became more evident when controlling for encoding duration.
Since novices' encoding durations were significantly affected by stimulus type, the lack of differences in
the novices' O/I ratios indicates that increased encoding time did not allow novices to have a
concomitant increase in motor output. Conversely, the experts' relatively stable encoding durations
across stimulus types were associated with increased motor output, as measured by sketching
durations. In order to further examine motor output, measures of the breadths of the sketching
durations are considered next.
Focal Sketching Breadth. Six of eight distributions of focal sketching breadth violated tests of
normality due to positive skew. Therefore, the log-transformed values are reported. There was a
significant main effect of stimulus novelty (F(1, 14) = 5.58, p < .05, ηP2 = .29); smaller breadths were
found for novel stimuli. No other significant main effects or interactions were found. When controlling
for encoding duration, a marginally significant main effect of expertise emerged (F(1, 14) = 4.07, p = .06,
ηP2 = .23), with experts' sketching being broader per unit of encoding time 4.
Essentially, experts sketched spatially larger areas of the images (i.e., more) per unit of visual
encoding (recall that the sketches were the same size as those of novices as measured by area),
suggesting that they were able to output larger chunks of information regardless of stimulus novelty or
complexity. Focal sketching breadth was correlated with sketch accuracy only for familiar simple stimuli
(r(14) = .64, p < .01).

4

Calculating O/I ratio using focal encoding breadth as the denominator yielded no significant
effects, and this version of the ratio was only correlated with judged sketch accuracy for familiar simple
stimuli (r(14) = .67, p < .01).
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Total Sketching Breadth. There was a marginally significant effect of expertise (F(1, 14) = 3.15, p
< .10, ηP2 = .18); experts covered longer distances with the stylus than novices per encoding duration
(despite their sketches not being any larger than novices' sketches). There was also a significant main
effect of stimulus novelty (F(1, 14) = 5.37, p < .05, ηP2 = .28); novel stimuli were sketched by covering
more distance with the stylus per encoding duration than familiar stimuli. There was also a stimulus
novelty by stimulus complexity interaction (F(1, 14) = 4.68, p < .05, ηP2 = .25), with a larger increase in
breadth between familiar and novel stimuli for simple stimuli than for complex stimuli. There was also a
stimulus novelty by expertise interaction (F(1, 14) = 4.19, p = .06, ηP2 = .23), with experts covering
significantly more distance than novices in the novel stimulus conditions. These effects are explained by
the significant three-way interaction between expertise, stimulus complexity, and stimulus novelty (F(1,
14) = 5.57, p < .05, ηP2 = .29), which indicates that as stimulus novelty and complexity increased, experts
covered more distance per encoding duration, whereas novices did not (see Figure 8). This
interpretation is confirmed by paired t tests for novices; none of the stimulus conditions varied from any
of the others (all ts < 1.05, all ps > .33). Controlling for encoding duration (i.e., by again using O/I ratios,
this time using the total sketching breadth as the numerator, but maintaining individual encoding
duration as the denominator 5) emphasized the above effects. The main effect of expertise reached
significance (F(1, 14) = 4.80, p < .05, ηP2 = .26). In addition, a main effect of complexity emerged (F(1, 14)
= 5.43, p < .05, ηP2 = .28), with simple stimuli having more motor output per unit of encoding time than
complex stimuli.

5

Calculating O/I ratio using total encoding breadth as the denominator yielded a marginally
significant main effect of stimulus complexity (F = 3.93, p = .07), and a significant main effect of stimulus
novelty (F = 6.72, p < .05). This version of the ratio was not correlated with judged sketch accuracy for
any stimulus type (all rs < 0.35, all ps > .19).

Total sketching breadth per
encoding duration
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Figure 8. Total distance traveled by the stylus over the digital canvas per individual encoding duration.
Error bars represent one standard error.
The O/I ratio for total sketching breadth was significantly positively correlated with judged
accuracy for novel simple stimuli (r(14) = .72, p < .01), and novel complex stimuli (r(14) = .65, p < .01).
Despite not reaching significance, the correlations were also positive for familiar simple and familiar
complex stimuli (rs > .35, ps > .15).
These results clearly show that familiar stimuli had an adverse effect on experts' fine-motor
output; experts made less-broad strokes with the stylus when sketching familiar stimuli, effectively
sketching like novices, who never deviated from a spatially-focused sketching strategy.
Discussion
Generally-speaking, experts were able to sketch more accurately than novices. Stimulus
familiarity caused novices' accuracy to suffer, as opposed to giving experts a boost, as predicted by an
object or category familiarity-dependent view of expertise (e.g., Ericsson & Delaney, 1999). Overall, the
results suggest that visual encoding of stimuli is altered in experts in such a manner as to attenuate the
influence of long-term memory representations in an effortful manner (Gombrich, 1960), as opposed to
doing so by default (Ruskin, 1857/1971). Motor output, on the other hand, does not approach equal
efficiency for novel and familiar stimuli; presenting experts with familiar stimuli caused their motor
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output to resemble that of novices: Shorter sketching durations and smaller sketching breadths were
used by experts when sketching familiar stimuli. As opposed to the findings of Cohen and Bennett
(1997), latter stages of processing do appear to play a role in sketching accuracy.
Specifically in terms of encoding, individual encoding duration was negatively correlated with
accuracy for familiar stimuli, and experts had shorter individual encoding durations, as well as less dense
encoding durations, than novices (i.e., experts encoded less total distance per focal area than novices).
Furthermore, as the familiarity and complexity of stimuli were manipulated, novices' encoding durations
changed, which was also the case for experts, albeit to a significantly lesser extent. This pattern of
results suggests two conclusions. First, expertise in visual art allows the encoding of any visual stimulus
into WM with relative ease. Second, this ability is based on training; if being able to ignore long-term
memory representations were an inherent characteristic of those who later choose visual art as a
vocation, there would be no effects of stimulus novelty for experts (i.e., at most only effects of stimulus
complexity), which was not the case. Instead, it seems that experts possess an ability to emulate the
innocent eye (Gombrich, 1960); when encoding familiar stimuli, this ability allows them to approximate
(i.e., mimic) the way they encode novel stimuli. This is almost strategic when compared to a truly
innocent eye (Ruskin, 1857/1971), which would enable experts to encode novel and familiar stimuli
using exactly the same pattern. Thus, any stimulus is encoded in a manner that may lessen top-down
interference when compared to a novice, whose encoding patterns are significantly more altered when
possible top-down interference from long-term memory is present. To clarify, it is not the case that
experts are ignorant of the fact that they are encoding, say, a wine glass. Rather, they are able to inhibit
their internally-retrievable long-term memory representation of a wine glass, and this process begins by
encoding the wine glass as though it were novel. Experts are thus able to see the object in front of their
eyes “as it is.” One caveat concerning these conclusions is that they can only be made in regards to
visual encoding with the goal of sketching, which is an issue examined in Experiment 1b.
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Experts' motor output overall was more efficient than novices', as well. Experts sketched for
longer durations and more broadly than novices, while at the same time requiring less visual encoding.
This suggests an efficient mechanism in experts for processing visual sensations into motor behavior
(see Solso, 2001). This pattern held especially during sketching of novel stimuli; novices' motor output
did not change compared to familiar stimuli, whereas experts' output increased significantly, both in
terms of sketching duration and total sketching breadth. This pattern of results suggests that, as
opposed to visual encoding, in which attenuation of top-down influence takes place for experts when
encoding familiar stimuli, for motor output the case is reversed; experts approached being just as bad at
motor output as novices when sketching familiar stimuli. Experts can only imagine the wine glass as it is;
sketching the wine glass as it is is more difficult. Essentially, it seems that experts do have at least some
difficulty retrieving "innocent" motor programs, although they overcome this difficulty, as evidenced by
the ability to maintain accuracy of sketches for all stimulus types.
Future experiments (e.g., training studies), as well as art education, will benefit from the current
results, which indicate that overall, duration O/I ratio, and total sketching breadth O/I ratio served as
the best predictors of accuracy for novel stimuli, and individual encoding duration and focal sketching
breadth served as the best predictors of familiar sketch accuracy. Total encoding breadth was the best
predictor for all stimulus types. The question remains whether experts possess an advantage when it
comes to a task that does not have a sketching-specific component. Experiment 1b examined this
question.
EXPERIMENT 1B
As stated previously, expertise in visual art may transcend a sketching-specific advantage, as
creating sketches from life may require an ability to efficiently visually analyze any object in one's
environment, even without the goal of sketching. Gibson (1979) argued that "extracting and abstracting
of invariants are what happens in both perceiving and knowing. ... To perceive the environment and to
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conceive it are different in degree but not in kind" (p. 258, italics added). This theory of information
pickup suggests that interacting with the environment allows the human organism to gain knowledge
about the structure and function of objects and the environment. If this is true, then interacting with an
object by examining it with the goal of sketching is an avenue toward more fully understanding that
object's visual properties, including but not limited to those that serve as important cues for retrieving
motor programs that lead to accurate sketches.
The results of Experiment 1a suggest that such a strategy is effective when the goal is sketching,
but does it also apply when extracting and abstracting of invariants is called for when the goal of these
operations is not sketching? After all, there is substantial evidence of only near or, at best, limited
transfer from trained spatial tasks to other spatial tasks (Uttal et al., in press), and only near transfer of
recall from experts' familiar object categories to non-expert categories (Chase & Simon, 1973; Curby et
al., 2009; Ericsson & Kintsch, 1995). Seeley and Kozbelt (2008) theorized that motor plans play a role
complementary to spatial schemata in selective attention, which in turn biases perception to stimulus
features diagnostic for an anticipated task. They argue that "artists develop specialized spatial schemata
and related motor plans that guide attention and enhance the perception of stimulus features
diagnostic for the identities of objects and scenes" (p. 168, italics added). Thus, attention is directed
toward the invariants important for recognition, but such direction is caused by training of accurate
sketching 6. There is evidence that expertise unique to the domain of visual art confers an advantage that
transfers outside of what is familiar, such as to mathematics performance in elementary school (Luftig,
1994), visual analysis of out-of-focus pictures and novel stimuli, and mental rotation of threedimensional objects (Kozbelt, 2001), none of which—on the surface—have anything to do with
sketching. However, a general visual-encoding advantage may underlie performance in all of the above,
including sketching. In Experiment 1b, it was hypothesized that experts would fully encode novel stimuli
6

In order to truly examine the causal role of sketching expertise in visual cognition, a training
study would have to be carried out; the current experiment 1b is a first step.
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significantly faster than novices in a recognition task that involved no familiarity with objects and no
sketching.
Method
Participants and Materials
The same participants and a different set of Chinese ideogram stimuli meeting the same criteria
for simplicity and complexity described for stimuli in experiment 1a were used.
Design and Procedure
Experiments 1a and 1b were presented to participants in counterbalanced order. There were
three factors: Expertise (between-subjects), stimulus complexity (within-subjects), and encoding
duration (within-subjects), consisting of four levels: 50, 125, 200, and 275 ms. These durations were
chosen on the basis of pilot data that suggested that they would produce meaningful variation in correct
recognition rates among novices.
The task was presented on a computer monitor. Participants received instructions about the
task and four practice trials. Each trial started with a fixation cross. Participants were instructed to
attend to the fixation cross while pressing the spacebar (which initiated the onset of the encoding
duration), so as to ensure that they did not miss the stimulus when it appeared. The stimulus appeared
on-screen for one of the encoding durations, selected at random. Then, following a 1500 ms stimulus
mask, a second stimulus appeared, which was either the same ideogram, or the same ideogram with
one of four slashes superimposed over it. Fifty percent of the first ideograms had superimposed slashes,
as well. Thus there were conditions in which both stimuli either did or did not have a slash (same; 50%
of trials), the first stimulus had a slash and the second did not (different; 25% of trials), or the first
stimulus did not have a slash and the second one did (different; 25% of trials). Participants responded as
to whether the second ideogram was the same as or different from the first ideogram by using the
keyboard. There were a total of 80 trials, with a unique stimulus on each trial. Thus, each encoding
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duration at each level of complexity had 10 trials. The dependent variable was a forced-choice response
of "same" or "different." Hit and false alarm rates were used to calculate sensitivity to changes in the
visual signal (d').
Results
Results of Experiment 1b are summarized in Figure 9. As in Experiment 1a, each participant's
data were averaged within-condition. Thus, each dependent variable consists of eight data points per
group per condition. A two (expertise) by two (stimulus complexity) by four (encoding duration) mixed
ANOVA revealed main effects of stimulus complexity (F(1, 14) = 13.83, p < .01, ηP2 = .50) and encoding
duration (F(3, 14) = 3.32, p < .05, ηP2 = .19), confirming that these variables significantly impacted
performance. A significant linear trend explained the curves seen in Figure 9 (F(1, 14) = 7.99, p = .01, ηP2
= .36). No other higher-order trends were significant (ps > .77).
There was a marginally significant main effect of expertise in the predicted direction (F(1, 14) =
1.98, p = .09, one-tailed 7, ηP2 = .12); experts' sensitivity was always greater than that of novices, except
at the shortest encoding duration. Pairwise comparisons revealed that for simple stimuli, there was a
marginally significant difference between experts and novices at 200 ms (t(14) = 1.45, p < .08, one
tailed). Furthermore, sensitivity in this condition was positively correlated with sketch accuracy of
familiar complex stimuli (r(14) = .50, p = .05), and of novel complex stimuli (r(14) = .50, p < .05). For
complex stimuli, there was a significant difference between experts and novices at 125 ms (t(14) = 3.25,
p < .01, one tailed). Sensitivity in this condition was positively correlated with sketch accuracy of familiar
complex stimuli (r(14) = .60, p < .05), familiar simple stimuli (r(14) = .56, p < .05), and of novel complex
stimuli (r(14) = .60, p = .01). Furthermore, for complex stimuli, experts deviated from chance
performance (i.e., d' = 0) at 125 ms (p = .001) and 275 ms (p < .05), whereas novices did not do so for

7

Performing a two (expertise) by two (stimulus complexity) by three (encoding duration,
excluding 50 ms) mixed ANOVA revealed a significant main effect of expertise (F(1, 14) = 3.15, p < .05,
one-tailed, ηP2 = .18).
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any encoding duration. For simple stimuli, both groups deviated from chance performance at all but the
50 ms encoding duration.
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Figure 9. Sensitivity to signal changes in the recognition task. The higher the sensitivity, the better able a
participant was to encode a stimulus, as evidenced by the ability to tell if the probe stimulus was the
same as or different from the target stimulus. Error bars represent one standard error.
Discussion
When encoding complex novel stimuli, experts evidenced the ability to perform above chance,
whereas novices did not. This indicates that, although the experts' advantage is limited by stimulus
complexity, it does allow them to detect subtle changes in dense, unfamiliar patterns on the basis of
limited encoding. This suggests that the encoding advantage demonstrated in Experiment 1a generalizes
at least somewhat to visual cognition writ large; without the processing goal of sketching, experts could
still quickly encode the briefly-presented stimuli.
Experts were able to encode simple novel stimuli significantly better than novices when given at
least 200 ms, whereas novices required an additional 75 ms to close the gap. Once 200 ms of encoding
take place, it is possible for experts to begin diverting processing resources to other aspects of cognition,
such as motor programming, associative thinking, or mental imagery. The correlations between
encoding in the non-sketching task and performance on the sketching task (i.e., accuracy) suggest a
robust connection between visual encoding ability in general and perception with the goal of sketching.
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In ecological terms, the more-rapid encoding that takes place outside the expert's studio may allow her
to make associations between what is visually encoded between t = 0 to 200 ms and between t = 200 to
400 ms. For the novice, this same process would take from t = 0 to 275 ms and t = 275 to 550 ms. Over
the course of a day or a lifetime, these minute differences in processing time might afford innumerable
opportunities for associative and/or creative thinking independent of visual art per se (see Martindale &
Hasenfus, 1978; Martindale, Hines, Mitchell, & Covello, 1984). In fact, recent research indicates that
visual artists generate mental images spontaneously (reported as "uncontrolled") regardless of context
(Blazhenkova & Kozhevnikov, 2010, study 3). The visual encoding advantage found in the present results
suggests that additional processing resources available to expert visual artists may be used to generate
such images. This accelerated processing would be consistent with a domain-independent theory of
creativity, in which a higher-order domain of expertise (Sternberg, 2005) consists of the ability to
perform accelerated processing that can then be applied to any sub-domain, whether artistic, scientific,
or other. It is important to note that in the Blazhenkova and Kozhevnikov study, expert scientist
participants reported total control over their mental image generation, suggesting discriminability of the
advantage associated with different kinds of training.
The visual-cognition-advantage hypothesis should be examined in expert scientists in addition to
expert visual artists. Such a mechanism is implicated in spontaneous generation of ideas (i.e., insight),
which is distinct from elaboration, the phase during which a creative insight is turned into a tangible
product. Martindale and colleagues (Martindale & Hasenfus, 1978; Martindale et al., 1984) showed
distinct brain activation patterns (as measured by electroencephalogram) during each of these two
phases. The current results are in line with this two-stage theory of creativity; insight may be dependent
upon processing on the scale of tens or hundreds of milliseconds, time made available by efficient visual
encoding.

40
CHAPTER 3
THE SCHIZOTYPAL PERSONALITY QUESTIONNAIRE
The question remains: What neural activation patterns underlie ready access to vision-specific
mental representations? In order to examine the hypothesis that left hypofrontality underlies experts'
more-efficient encoding, self-report data on SPD were obtained from samples of experts and novices,
some of whom included the participants of Experiments 1a and 1b. It was hypothesized that experts
would evidence higher levels of SPD, an indirect measure of left hypofrontality.
Method
Stimuli, Apparatus, and Participants
The schizotypal personality questionnaire, brief (SPQ-B; Raine & Benishay, 1995) was
administered to assess schizotypic traits in expert and novice samples. The SPQ-B is a reliable, 22-item
binary judgment questionnaire that assesses three factors: Cognitive-perceptual aberrations, (ideas of
reference, magical thinking, unusual perceptual experiences, and paranoid ideation), interpersonal
dysfunction (social anxiety, lack of close friends, blunted affect, and paranoid ideation), and
disorganization (odd behavior and odd speech). It was presented on the same computer as used in
Experiments 1a and 1b. Forty-three novices and 20 experts, including those who participated in
experiments 1a and 1b, filled out the questionnaire as part of ongoing investigations. The SPQ-B was the
last task administered for all participants.
Results
The results are summarized in Figure 10. For the disorganization-factor questions, experts
responded affirmatively to significantly more questions than novices (t(61) = 2.98, p < .01, Cohen's d =
.82 8). For questions that load onto the cognitive-perceptual factor, experts responded affirmatively
marginally significantly more than novices (t(61) = 2.38, p = .02). There was no difference between the

8

The number of pooled standard deviations between the two groups' means.
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groups on the interpersonal factor (p > .82). For the experts and novices who took part in Experiments
1a and 1b, a significant difference between the groups emerged for the disorganized factor only (t(14) =

Number of affirmative responses

2.67, p < .05, Cohen's d = 1.43), suggesting that it is robust.
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Figure 10. Number of affirmative responses to questions on the SPQ-B (Raine & Benishay, 1995). Error
bars represent one standard error.
Total SPD score was positively correlated with accuracy of familiar simple sketches (r(14) = .50, p
< .05), and marginally positively correlated with accuracy of familiar complex sketches (r(14) = .44, p <
.10). None of the three factors were individually correlated with judged sketch accuracy.
The correlations between SPD and eye movement patterns during sketching are summarized in
Table 1. Generally-speaking, the disorganized factor was consistently negatively correlated with
individual encoding durations and total encoding breadths for all stimulus types. Total SPQ-B score was
also negatively correlated with individual encoding durations for all stimulus types, and was also
negatively correlated with overall encoding time per trial for all stimulus types. Contrarily, the cognitiveperceptual and interpersonal factors were each correlated with only one stimulus type for one
dependent variable each (see Table 1).
Table 2 summarizes the correlations between SPD and hand movement patterns during
sketching. As with encoding, the disorganized factor and total SPQ-B score were correlated with
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sketching durations and total sketching breadths, but positively instead of negatively, as was the case
with encoding. Furthermore, the cognitive-perceptual factor was also positively correlated with
individual sketching durations for all stimulus types.
Table 1.
Correlations of SPQ-B Factors With Experiment 1 Encoding Dependent Variables
SPD factor
Total
Stimulus
SPD
CognitiveInterDependent Variable
type
score
perceptual
personal
-.623**
FC
FS
-.666**
-.504*
Overall encoding proportion
-.536*
NC
NS
-.626**
FC
-.553*
FS
-.494 ͂
Individual encoding duration
NC
-.483 ͂
NS
-.489 ͂
FC
-.557*
FS
Total encoding breadth
NC
-.455 ͂
NS
FC
.528*
FS
Focal encoding breadth
NC
NS
Note. :͂ p < .10, *: p < .05, **: p < .01
Table 2.
Correlations of SPQ-B Factors With Experiment 1 Sketching Dependent Variables
SPD factor
Stimulus Total SPD CognitiveInterDependent Variable
type
score
perceptual
personal
FC
FS
Overall sketching proportion
NC
NS
FC
.545*
.528*
FS
.719**
.640**
O/I ratio of individual sketch
duration
NC
.570*
.518*
NS
.614*
.583*

Disorganized

-.632**
-.485 ͂
-.453 ͂
-.545*
-.806**
-.532*
-.481 ͂
-.565*
-.601*

-.493 ͂

Disorganized
.726**
.491 ͂
.784**
.782**
.466 ͂
.478 ͂
.534*
.632**
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Table 2. (continued)
Stimulus
Dependent Variable
type
FC
FS
O/I ratio of total sketch
breadth
NC
NS
FC
FS
O/I ratio of focal sketch
breadth
NC
NS
*
**
Note. :͂ p < .10, : p < .05, : p < .01

Total SPD
score
.523*
.531*

Cognitiveperceptual
.519*

.719**

.502*

SPD factor
Interpersonal

Disorganized
.677**
.667**
.622*
.553*

.464 ͂

.475 ͂

None of the SPD factors, nor total SPQ-B score, were correlated with sensitivity at any encoding
duration (all ps > .15).
Discussion
Experts evidenced a pattern of slightly elevated SPD relative to novices. There was no difference
between experts and novices on the interpersonal factor, but there was a significant difference found on
the disorganized factor, and a marginally significant difference on the cognitive-perceptual factor. These
data suggest cognitive differences, as opposed to social or emotional ones. Specifically, the disorganized
factor has high loadings from questions pertaining to odd behavior and odd speech, which are the
closest features to bizarre behavior and thought disorder found in schizophrenia (Raine et al., 1994).
The current results suggest that disorganization, which is associated with adverse effects in
some WM tasks, can nevertheless be associated with encoding and output strategies that are related to
accurate sketching. Most studies examining SPD and eye movements utilize either smooth pursuit or
antisaccade tasks or both (Keefe et al., 1997; Lencz et al., 1993; O'Driscoll, Lenzenweger, & Holzman,
1998; van Kampen & Deijen, 2009), and find that SPD is associated with greater spatial dispersal of eye
movements. In the present study, SPD was associated with less spatial dispersal of eye movements (i.e.,
total encoding breadth), but the task involved a goal unique in the literature. This study also contributes
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the novel findings of a negative correlation between the disorganization factor and individual encoding
durations, as well as the positive correlation between the disorganization factor and motor output. This
latter finding is interesting because there is evidence of SPD being associated with impaired spatial
accuracy when using a pencil to place a dot on a piece of paper (Lees Roitman et al., 2000). However,
this decrement was found after delays of 10 and 20 s, and not in an immediate condition; in the current
study, the motor output was essentially immediate.
The presence of schizotypy in the expert group suggests that left hypofrontality may play a role
in their information processing, at least when sketching is involved. Only some studies have found the
disorganization factor in particular to be correlated with dorsolateral PFC activity (see McDonald &
Carter, 2003; MacDonald et al., 2005; Perlstein et al., 2001). The inclusion of a fine-motor task (i.e.,
sketching) may serve to increase bilateral prefrontal activation through the recruitment of right PFC,
which is responsible for fine-motor processing (Averbeck et al., 2002; Ehrsson et al., 2000). This
interpretation is further supported by the results of Experiment 1b, in which the recognition task did not
have a fine-motor component, and in which performance was not correlated with any of the SPD
factors.
In musicians, anterior corpus callosum white matter tracts have increased fractional anisotropy
(Schmithorst & Wilke, 2002). Hyde et al. (2009) found that musical training caused larger midbody
corpus callosum size relative to a control group. Furthermore, these authors found that post-training
midbody corpus callosum size was significantly positively correlated with other fine-motor control tasks.
These results demonstrate that training of fine-motor tasks (theoretically including sketching) causes
increased interhemispheric connectivity, which can be utilized to train increased interhemispheric
communication, especially for those at risk for developing schizophrenia.
Not only does left hypofrontality allow for modality-specific stimulus representation (Snyder et
al., 2003), it allows for a broadening of attentional focus; hypoactive left PFC fails to act as an attentional
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bottleneck (Anderson et al., 2007). Some researchers consider this debilitating in terms of WM
performance (e.g., Lees Roitman et al., 2000; Reichenberg & Harvey, 2007). Others, however, have
shown that prefrontal dysfunction linked to SPD can confer advantages in creative production (Burch et
al., 2006; Chatterjee, 2004, 2006; Fisher et al., 2004; Liu et al., 2009; Mell et al., 2003; Miller & Tal, 2007;
Raine, 2006; Schuldberg, 2000-2001), a phenomenon referred to as paradoxical functional facilitation
(Kapur, 1996). In SPD, increased bilateral prefrontal activation during creative response generation
(Folley & Park, 2005) may act as a compensatory mechanism (Siever et al., 2001) for left hypofrontality,
whereas cases in which the mechanism fails may be diagnosed as schizophrenia. Activation in right PFC
due to fine-motor control requirements may spread throughout right PFC. Non-thought-disordered
schizophrenia patients have faster, more widely-spreading activation in right PFC compared to healthy
controls and thought-disordered schizophrenia patients when performing associative tasks (Kreher,
Holcomb, Goff, & Kuperberg, 2008), suggesting that in a visual artist population, activation caused by
fine-motor control may more easily spread throughout right PFC. Essentially, expert visual artists may
have better access to more visual associates upon which they can perform combinatory operations, and
thus make creative modality-specific products using a chosen medium.
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CHAPTER 4
INTERIM DISCUSSION
Experts' visual encoding advantage is not limited to sketching familiar categories of objects, nor
is it altogether limited to sketching. In Experiment 1a, experts evidenced significant attenuation of the
eye movement pattern changes found in control participants. Furthermore, experts were able to take
better advantage of a lack of long-term memory interference in the latter stages of processing, as
evidenced by a significant increase in motor output per unit of visual encoding for sketches of novel as
compared to familiar stimuli. In Experiment 1b, experts were denied any synergistic cognitive boost
from perceiving with the goal of sketching, yet their encoding was still superior to that of novices. In all,
the results suggest that expert visual artists possess a general visual-encoding advantage that does not
rely on the domain-specific goals of fine-motor output programming and execution. This ability to
transfer an encoding advantage outside of a domain of expertise implies that expert visual artists are
prepared to perceive the unknown similarly to the way that novices perceive the familiar. This is the
appropriate level of analysis of their domain of expertise. However, novices' variable encoding strategies
are only attenuated in experts, suggesting that training in visual art may allow for perceiving novel
information in a manner only approximating that for familiar information. More-extensive training may
be associated with encoding strategies for novel and familiar stimuli that are indistinguishable. This
possibility is of importance to the field of education, as students can be trained to process novel
information as though it were familiar, which is in fact a goal of the studio habits of thinking
championed by Winner and colleagues (e.g., Hetland & Winner, 2009; Winner, Hetland, Veenema,
Sheridan, & Palmer, 2006; see also Luftig, 1994).
Training the expert mode of visuomotor processing (i.e., maximizing the O/I ratio) should cause
an increased coactivation of PFC and posterior (i.e., sensory) cortical regions; this neural activation
pattern underlies the maintenance of mental representations over the course of delays during which the
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visual stimulus is removed (e.g., Yoon, Curtis, & D'Esposito, 2006). In other words, training should cause
a representation to be more easily maintained in WM. Experiment 2 examined this hypothesis.
Furthermore, increased bilateral PFC activation should be evident as a function of increasing sketching
expertise and accuracy. Decreased sketching error rates under increased cognitive load (i.e., when
sketching complex stimuli after a delay) would therefore suggest increased bilateral PFC activity, which
also underlies creative thinking (e.g., Carlsson, Wendt, & Risberg, 2000). Thus, a "perfect storm" of left
hypofrontality and increased prefrontal interhemispheric communication may underlie not only the
ability to create accurate sketches, but also to think creatively. The current study provides indirect
evidence that this pattern holds for expert visual artists.
Other stages of cognitive processing are in need of further examination. The ability of expert
visual artists to retain and manipulate encoded mental representations during delay intervals between
encoding and motor output were examined in experiment 2. In the future, training studies should
examine the direction of causality between visual art training and changes in cognition and neural
structure and function.
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CHAPTER 5
EXPERIMENTS 2A AND 2B
Whereas Experiments 1a and 1b examined the visual encoding and motor output abilities of
experts under unconstrained conditions, allowing them to immediately unburden WM by instantly
sketching what they had encoded, Experiments 2a and 2b were designed to examine participants'
abilities to retain and manipulate visual stimulus information over delays of several seconds.
Programming of accurate fine-motor programs is considered a distracter task during the
retention of visual stimulus information. For experts it is a synergistic task, in that it allows them to
maintain a stimulus representation through a LT-WM link between the stimulus and the motor
sequences associated with sketching it. Novices are presumed to lack this domain-specific mechanism
(Ericsson & Delaney, 1999). Thus, for novices, the requirement of sketching is a detrimental distracter
task, in that they potentially must utilize additional (potentially non-existent) cognitive resources in
order to both retain encoded visual information and perform the novel distracter task of fine-motor
programming that is necessary for an accurate sketch.
As in the other experiments, one of the central questions was whether moving outside the
domain of expertise—narrowly defined as sketching—would cause decrements in experts' performance.
Therefore, Experiment 2a consisted of a sketching task, and Experiment 2b consisted of a recognition
task, which eliminated the goal of sketching from the perceptual process. If experts only possess a
domain-specific advantage, then their performance on the recognition task should be non-significantly
different from novices. This was used as the null hypothesis. However, given the results of experiment
1b, it was tantalizing to speculate that, as with encoding, retention would also be better in experts even
when they were not sketching.
Whereas in Experiment 1b encoding duration was manipulated, in Experiments 2a and 2b it was
held constant, and delay duration was manipulated. This allowed for examining the robustness of the
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expert advantage over time. Specifically, delay intervals of 5, 15, and 30 seconds were used. Within this
timescale, control participants' recall of visual stimulus features is known to significantly falter (Cowan,
1988; 1999). Whereas Cohen (2005) showed that during sketching, experts' accuracy suffers when the
stimulus is removed for 15 s, there is no evidence regarding experts' performance when sketching is not
involved (i.e., when performing a delayed recognition task).
Another manipulation introduced in Experiments 2a and 2b was central to examining whether
experts possess a modality-specific advantage only, or if they have an advantage in abstracted mental
representation. Specifically, retaining a representation of the visual stimulus "as it is" was required, or a
manipulation of it via mental rotation was required prior to responding. Retaining visual features is
considered modality-specific, in that the mental representation has to be maintained over the course of
the delay without any additional operations performed upon it. On the other hand, manipulating the
relations among visual features is considered to be an amodal perceptual process(Blazhenkova &
Kozhevnikov, 2010; Duff & Logie, 1999; Kane et al., 2004), as the to-be-retained image is grounded not
in the sensory experience, but in the relations among features of the stored representation, which must
be reorganized without direct visual access to the stimulus or stimuli.
Retention of visual stimulus information is hindered in both schizophrenia and SPD (Keefe et al.,
1995; 1997; Lees Roitman et al., 2000), and so should be evident in experts if their behavioral patterns
are similar to those of individuals evincing SPD. However, since the results of the schizotypal personality
questionnaire evidenced very small increases in experts, it was hypothesized that experts would not
have more rapid decay of visual information.
Method
Design
The factors introduced above yielded a two (expertise: Experts or novices) by two (task:
Recognition versus sketching) by two (modality-specificity: Retention versus manipulation) by three
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(duration of delay between encoding and response: 5, 15, or 30 s) mixed design. Expertise was a
between-subjects factor, and all the others were within-subjects factors. There were 96 trials of the
sketching task (i.e., Experiment 2a) and of the recognition task (i.e., Experiment 2b), for a total of 192
trials, which were presented in random order. Whereas Experiments 1a and 1b were presented in
counterbalanced order, trials of Experiments 2a and 2b were presented in random order. For all trials,
participants saw a stimulus for 1.5 s, followed by an instruction screen indicating what the task would be
after the delay. The potential tasks were: Sketch "as-is" (25% of trials); recognize "as-is" (25% of trials);
sketch rotated, either around the vertical axis (horizontal flip; 12.5% of trials) or around the horizontal
axis (vertical flip; 12.5% of trials); or recognize rotated, either around the vertical axis (horizontal flip;
12.5% of trials) or around the horizontal axis (vertical flip; 12.5% of trials). This instruction was followed
by a retention interval of 5, 15, or 30 s. Thus, for both sketching and recognition tasks, there were 16
trials in each of the following conditions: retention for 5 s, retention for 15 s, retention for 30 s,
manipulation for 5 s, manipulation for 15 s, manipulation for 30 s 9. Participants could have been
instructed about the task demand prior to or during encoding of each stimulus, but this might have led
to manipulation during the encoding duration, followed by retention during the retention interval. As
the goal of manipulation trials was to manipulate an amodal mental representation, not a visual
stimulus, the instruction was given after the stimulus disappeared. During the delay interval,
participants also performed a verbal distracter task, namely counting backwards out loud by one at a
steady pace. Attempts by participants to retain an image and manipulate it after the delay were
minimized by introducing a 10 s time limit on responses, at which point a tone sounded announcing the
start of a new trial. During practice, participants were informed that this sound meant they should look
up so as not to miss the onset of the next stimulus.

9

As in Experiments 1a and 1b, each participant's data were averaged within-condition. Thus, each
dependent variable consists of 20 data points per group per condition.
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Stimuli
A review of the literature yielded no satisfactory stimulus sets appropriate to the design. The
creation of a stimulus set required several considerations to be taken into account. First, stimuli had to
be of roughly equivalent uniform complexity. Bethell-Fox and Shepard (1988) considered two pieces of
information to control complexity when creating two-dimensional stimuli. One was the number of
shapes within a stimulus. The other was the number of squares that comprised each shape. Thus, one
square and two adjacent squares may both represent one shape, but are not of equal complexity.
Bethell-Fox and Shepard (1988) concluded that stimuli consisting of two shapes were of intermediate
complexity, and this convention was used in the design of the current stimuli. In experiments 1 and 2,
two-dimensional black and white stimuli were used, and this convention was followed in the design of
the stimuli for experiment 3. Stimuli consisted of two shapes, which consisted of between three and five
squares each (limited to between six and eight squares per stimulus 10), in front of a white gridded
background (for examples, see Figure 11).
Second, symmetrical stimuli could not be used, because when manipulated around the vertical
or horizontal axis, they would appear the same as when simply retained, thereby introducing noise into
the data. In addition, designing stimuli using an even number of rows and columns allowed for flexibility
in utilizing the middle rows and columns, which would be problematic if using an odd number of rows
and columns. For example, in a three-by-three grid, any square in the center row or center column,
when flipped vertically or horizontally (respectively), is still in the center row or column, thereby
invalidating the requirement of manipulating relations among features.
Procedure
Recognition Task. The recognition task (i.e., Experiment 2b) was similar to that used in
Experiment 1b, except that retention interval was manipulated as opposed to encoding duration.
10

Pilot data indicated that this range of squares per stimulus yielded meaningful variation across
durations on recognition trials.
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Figure 11. Examples of stimuli used in Experiments 2a and 2b. Left column: Target stimulus (for
convenience, all panels have the same target; unique targets were presented on each trial of
Experiments 2a and 2b). Center column: Examples of instructions presented to participants directly after
offset of target stimulus. Right column, corresponding recognition probe stimuli (top and bottom panel)
and idealized perfect sketch (middle panel). The gridded background extended seamlessly across the
entire computer screen, whereas the sheets on which participants sketched contained eight square grids
(six squares high by six squares wide) each.
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Furthermore, whereas experiment 1b had a slash either added to or removed from a Chinese
ideogram stimulus, the recognition task in experiment 2b had a square added to or subtracted from one
of the shapes when the response screen appeared (see bottom panel of Figure 11). At the outset of each
trial, the participant was presented with a target stimulus for 1.5 s. Following the encoding period, a
screen appeared for 1.5 s indicating the task that would follow the delay. The instruction consisted of
the word "identify" and either the word "same" or arrows indicating rotation around the horizontal or
vertical axis. As soon as 1.5 s elapsed, a screen with a three-digit number appeared that stayed onscreen for the extent of the delay duration. Participants counted backwards from this number until the
delay interval ended, at which point the probe stimulus appeared.
On 50% of "same" trials, the target and probe stimuli were identical, and on 50 % of "same"
trials a probe stimulus appeared that was identical to the target stimulus, except that one of the squares
on one end of one of the shapes (selected at random) was changed from black to white (25% of total
"same" trials) or vice versa (25% of total "same" trials). Thus, as in experiment 1b, there was no
opportunity for participants to train themselves to look for added or subtracted squares. Participants
indicated whether the target and probe stimuli were the same or different by keyboard responses.
For the horizontal flip trials (i.e., half of the manipulation trials), 50% of the target stimuli were
horizontally flipped images of the target stimulus, and 50% were horizontally flipped images with one
square altered as in retention trials. Participants indicated whether the probe stimulus was a
horizontally flipped image of the target stimulus or not. The same proportions of trials held for vertical
flip trials, except that instead of the probe stimulus being flipped horizontally, it was flipped vertically,
and participants indicated whether the probe stimulus was the same as a vertically flipped version of the
target stimulus.
In all, then, 50% of trials were visual feature retention trials, and 50% were amodal mental
manipulation trials, distributed evenly among the three delay durations, which were selected in random
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order. The dependent variable was a forced-choice response of "same" or "different." Hit and false
alarm rates were used to calculate sensitivity to changes in the target and probe stimulus features (d').
Sketching Task. The procedure for the sketching task (i.e., Experiment 2a) was identical to the
recognition task described above, except that after encoding the target stimulus, participants saw the
word "sketch" and either the word "same" or the arrows indicating the axis of rotation. Following the
delay period, participants sketched the image that they were either retaining or that they had
manipulated (i.e., there was no probe stimulus, only an instruction to sketch).
For both recognition and sketching trials, the background of the stimuli on the computer screen
was a grid that extended to all four corners of the screen. The drawing pads that participants used to
sketch contained eight six-by-six separate grids per page. At the outset of the experiment, participants
were verbally informed that the "starting position" of the sketch within each grid did not matter, as long
as the shapes and their relative positions to each other were accurate.
Appendix G contains the instruction sheet that participants received, which shows the images of
the horizontal and vertical flip arrows and a schematic of the procedure. Stimuli were presented using EPrime software, version 2.0 (Psychology Software Tools, Pittsburgh, PA).
Participants
Experts (n = 20, mean age = 23.7 years, SD = 11.67, seven males) had to meet the same criteria
as experts in experiments 1a and 1b, except the Chinese language proficiency criterion was ignored.
Novices (n = 20, mean age = 20.3 years, SD = 2.12, four males) were screened for visual art expertise. As
in Experiment 1, all participants had the choice of cash or course credit as reimbursement for
participation, and all participants gave informed consent. All participants except for two novices were
right-handed and had normal or corrected to normal vision 11. Experts all reported at least five years of
experience (M = 13.93, SD = 5.00) and frequencies of drawing and/or painting of at least two times per
11

For all dependent variables, the two left-handers' data were non-significantly different from
the rest of the novices' data.
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week (a majority reported frequencies of more than once per day). Conversely, novices without
exception reported little to no art training (other than required courses) and no drawing experience.
Participants' recognition data were screened in order to ascertain whether they understood the task.
Chance performance on "same" recognition trials in the 5 s delay condition was used as a criterion for
task comprehension. One participant's data were excluded from all analyses due to poor level of
performance. Three novices' data were further excluded from analyses due to their partial satisfaction
of the expertise criteria. Three experts' and two novices' data were excluded due to indecipherable
ambiguities in the sketching data. After removal of these participants' data, the final sample sizes of 20
participants per group were achieved.
Sketch Coding
Whereas recognition trials required only an analysis of same/different responses, sketching
trials required a coding scheme to be generated and implemented. Three trained raters (the author and
two undergraduate assistants) coded the sketches for errors. There were two types of errors that were
of interest: Errors that altered individual shapes (henceforth within-shape errors), and errors that
altered the positions of the two shapes relative to each other (henceforth gestalt errors).
Within-shape Errors. For each trial, the number of squares in each shape of the target were
recorded, as were the number of squares in each shape in the sketch. The number of squares added to
or subtracted from each target shape was divided by the total number of squares in the target in order
to obtain the proportion of the sketch that was retained incorrectly (see Equation 3).
𝐸=

|𝑆1 − 𝑇1 | + |𝑆2 − 𝑇2 |
𝑇1 + 𝑇2

(3)

In Equation 3, E is the dependent variable, S1 and S2 are the number of squares in shape 1 and

shape 2 of the sketch (respectively), and T1 and T2 are the number of squares in shape 1 and shape 2 of
the target (respectively). This ratio was utilized due to the fact that adding or subtracting a square to a
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shape that consists of three squares is considered a larger error than adding or subtracting a square to a
shape that consists of four or five squares.
Gestalt Errors. The distance between the two shapes was recorded by counting the number of
units on the X axis and the number of units on the Y axis between the centers of the two shapes. The
center of each shape was operationally defined as the intersection of the midline of the height and the
midline of the width of the rectangular perimeter around each shape. The X and Y distances between
the centers of the two shapes were used as legs of a right triangle in order to calculate the hypotenuse,
which was used as the distance between the centers of the two shapes. This distance in the target was
subtracted from this distance in the sketch, and the result served as one dependent variable (henceforth
magnitude). A second dependent variable consisted of the angle formed between the vector connecting
the two shapes in the target and the vector connecting the two shapes in the sketch (henceforth
angular disparity). The origin for these vectors was the center of shape 1. Shape 1 was defined as the
shape that was the left- and upper-most of the two shapes in the target (for retention condition trials)
or the horizontally- or vertically-flipped target (for the respective manipulation condition trials). Trials
that were ambiguous (e.g., it was impossible to discern which shape was which, or if there appeared to
be more than two shapes) were coded as such and discarded (4.9% of trials for novices and 5.4% for
experts).
Inter-rater Reliability. After training to 90% inter-rater agreement on pilot participants'
sketching data, twenty trials were selected at random from each participant's data and coded by one of
the other raters. Those trials were then used to ascertain inter-rater reliability.
Results
Participants
Experts were significantly older than novices (t(38) = 3.80, p = .001, Cohen's d = 1.23). Separate
MANCOVAs on within-shape errors in sketching trials, magnitude and angular disparity in sketching
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trials, perfect and failed sketching trails, and sensitivity (d') in recognition trials, were conducted with
age as a covariate. Age explained marginally significant amounts of variance in failed sketching trials; on
retention trials after 5 s, 15 s, and 30 s, and on manipulation trials at 15 s (all ps < .05) 12. Age had no
effect on any other dependent variables (all ps > .09). Separate MANCOVAs were also conducted with
gender as a covariate. Gender did not explain any unique variance in any dependent variables (all ps >
.06, uncorrected).
Sketching Task
Inter-rater Reliability. For within-shape errors, there was agreement among raters on 95.7% of
trials. When two raters disagreed, the median difference between their ratings was two squares. For
magnitude errors, raters agreed on 94.6% of trials. When they disagreed, the median difference in
magnitude was 0.49 grid units. For angular disparity, raters agreed on 91.1% of trials. When they
disagreed, the median level of disagreement between raters was 1.27 radians (730). Given the high rates
of agreement (>90%), the full sets of sketches were considered to be reliably coded.
Perfect Trials and Failed Trials. Several trials contained no errors. These were dubbed perfect
trials. Some trials also had one or both shapes missing, and were dubbed failed trials, since it is
impossible to gauge magnitude or angular disparity if one or both shapes are missing. Several
distributions of both perfect and failed trials violated assumptions of normality and homogeneity of
variance. Ranking the data after collapsing across expertise and duration yielded several tied ranks that
again resulted in deviations from normality and homogeneity of variance. Field (2005) and Tabachnik
and Fiddel (2007) suggest that MANOVA is robust to these violations, and that Pillai's trace be used in
such cases. Pairwise post-hoc tests were performed using the non-parametric Mann-Whitney U statistic
using a Bonferroni correction.

12

These values were non-significant when correcting for familywise error rates (Tabachnik &
Fidell, 2007).
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There was a significant main effect of expertise (F(2, 37) = 9.96, p < .001, ηP2 = .35). Univariate
tests revealed that experts created significantly higher proportions of perfect trials (F(1, 38) = 20.21, p <
.001, ηP2 = .35), but there was no difference between groups in terms of failed trials (p > .30). There was
also a significant main effect of manipulation (F(2, 37) = 16.39, p < .001, ηP2 = .47), with fewer perfect
trials and more failed trials when manipulation was required (F(1, 38) = 28.32, p < .001, ηP2 = .43; F(1, 38)
= 5.06, p = .03 13, ηP2 = .12, respectively). There was also a significant main effect of duration (F(2, 152) =
4.62, p < .01, ηP2 = .11). Univariate tests revealed that the number of perfect trials decreased at longer
delays (F(2, 76) = 7.81, p = .001, ηP2 = .17), but the number of failed trials did not change significantly at

Proportion of perfect sketches

longer delays (p < .06, uncorrected). Figure 12 summarizes these results.
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Figure 12. Proportion of perfect sketches. Note that "visual" refers to retention trials, and "spatial"
refers to manipulation trials. Since proportions of failed sketches did not significantly increase or
decrease over delay, and for ease of interpretation, only perfect sketches are plotted. Error bars
represent one standard error.
Mann-Whitney U tests (critical α adjusted for 12 comparisons to p = .004) confirmed that
experts had significantly higher proportions of perfect trials at all durations when only retaining visual
features (all ps < .001). This was also the case for manipulation trials at 5 s (p < .001) and 30 s (p < .001),
but not 15 s (p = .015). There were no significant differences between groups at any duration or level of
13

This value is marginally significant; when adjusting for multiple comparisons, the critical p
value is .025.
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manipulation for failed trials (all ps > .06). These results confirm the multivariate and univariate
significance tests while taking into consideration the violations of statistical assumptions inherent in
these data. All non-perfect and non-failed sketches were further analyzed.
Within-shape Errors. The assumption of normality was violated for several of the expert
distributions. Log and square root transformations of the data did not resolve the problem, likely due to
the fact that all values were by definition less than one. Inspection of z scores revealed that two experts'
data were causing the deviations from normality (more than 3 SDs above the expert mean in at least
one condition). When these participants' data were excluded from the analysis, the distributions ceased
to violate statistical assumptions. There were no main effects of expertise (p = .48) or manipulation (p =
.81). However, there was a marginally significant effect of duration (F(2, 36) = 3.05, p = .053, ηP2 = .08).
Simple contrasts revealed that the 5 s and 30 s delays were significantly different (F(1, 36) = 5.35, p <
.05, ηP2 = .13), with more errors at the longer duration.
Gestalt Errors. All multivariate statistical assumptions were met (Tabachnik & Fiddel, 2007).
There was a significant main effect of manipulation (F(2, 37) = 35.30, p < .001, ηP2 = .66). Univariate tests
revealed that both magnitude (F(1, 38) = 5.56, p < .05, ηP2 = .13) and angular disparity (F(1, 38) = 68.37, p
< .001, ηP2 = .64) increased under the requirement to manipulate relations among features. There was
also a main effect of duration (F(4, 35) = 3.09, p < .05, ηP2 = .07), which was revealed to be due to
increased magnitude (F(1, 38) = 3.27, p < .05, ηP2 = .08), but not angular disparity (p = .13). In other
words, as delay increased, the two shapes in the mental representation "drifted apart," regardless of
whether the representation was modality-specific or abstracted. Lastly, there was an interaction
between expertise, manipulation, and duration (F(4, 35) = 3.56, p = .01, ηP2 = .06), which was caused by
differential effects of delay and manipulation between the groups on angular disparity (F(2, 76) = 3.28, p
< .05, ηP2 = .08), but not on magnitude (p > .15). This effect is best explained by examining the duration
at which experts' angular displacement approached the (greater) novice level. For manipulation trials,
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this occurred at 15 s, but for retention trials it occurred at 30 s (see Figure 13). Repeated contrasts
revealed that experts' angular disparity at 5 s was lower than novices', but when manipulation was a
requirement, experts' angular disparity errors increased to novice levels at 15 s. This was not the case
for retention of visual features; on retention trials novices' angular disparity increased from 5 to 15 s,
but experts' did not. Only at 30 s did the angular disparity between the shapes increase in expert
sketches. This interpretation is supported by the significance of contrasts comparing the 5 s and 15 s
conditions (F(1, 76) = 4.33, p < .05, ηP2 = .10), as well as the 15 s and 30 s conditions (F(1, 76) = 6.19, p <
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.05, ηP2 = .14).
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Figure 13. Errors committed on non-perfect, non-failed sketching trials. Note experts' 15 s duration for
spatial (i.e., manipulation) trials and 30 s duration for visual (i.e., retention) trials. These are the
durations at which experts performance approached that of novices for the respective tasks. Error bars
represent one standard error.
Recognition Task
Figure 14 summarizes the results. The distributions of d' scores for vertical and horizontal flip
conditions were compared in order to determine if the axis of depth rotation had an effect on
performance (Shipley, personal communication). Vertical and horizontal distributions were found to be
non-significantly different; there was no main effect of axis (F(1, 38) = 1.02, p > .31), nor any significant
interactions between axis, duration, and/or expertise (all ps > .12). Therefore d' values were calculated
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for manipulation trials by pooling vertical and horizontal manipulation trials, and comparing the pooled
distributions to retention trials.
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Figure 14. Sensitivity to changes in pre-delay target and post-delay probe stimuli. The left panel shows
retention of visual properties, and the right panel shows retention of abstracted (i.e., manipulated)
properties. Error bars represent one standard error.
All multivariate statistical assumptions were met (Tabachnik & Fiddel, 2007). There was a
marginally significant main effect of expertise (F(2, 37) = 2.45, p = .10, ηP2 = .12), with experts
outperforming novices. Univariate tests revealed that retention trials drove this effect (F(1, 38) = 4.96, p
= .03, ηP2 = .12), but manipulation trials did not (p > .16). Additionally, there was no multivariate
interaction between expertise and delay duration (p > .21), but there was a trend toward a significant
interaction in the retention trials (F(2, 37) = 2.75, p = .07 uncorrected). Independent samples t-tests
revealed that at 30 s, the difference between experts and novices reached significance (t(38) = 3.07, p <
.005, Cohen's d = 1.00) for retention trials. Paired t tests corroborated this account: Novices'
performance on retention trials dropped significantly from 15 s to 30 s (t(19) = 2.49, p < .025, Cohen's d
= 1.14), whereas experts' performance did not (p > .93). Of note is the fact that for manipulation trials,
the difference between experts and novices at the 30 s delay approached significance (t(38) = 3.07, p <
.05), but due to inflated familywise error rates, this is only mentioned because the direction of the effect
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suggests that novices' performance at manipulating spatial features continued to decline at a steady
rate from 15 s to 30 s, whereas experts' performance did not decline from 15 s to 30 s (see Figure 14).
Discussion
In line with previous research on expert visual artists (Kozbelt, 2001), experts evidenced a
general visual cognition advantage; they outperformed novices in both sketching and recognition tasks.
The most robust difference between experts and novices was in retaining visual features without
manipulating them. When sketching, the expert advantage extended to manipulation of mental
representations, as well; experts were able to maintain a gestalt longer than novices. This advantage
disappeared quickly (i.e., at 15 s) compared to the retention advantage, which experts only lost after 30
s. In Experiment 2b, experts and novices were "neck-and-neck" at all but the longest delays, at which
novices' performance faltered, but experts' did not.
Experts had significantly larger proportions of perfect sketches of retained mental
representations. When manipulation was required, experts also sketched higher proportions of perfect
trials than novices. Furthermore, when examining sketching trials for the types of errors committed, it is
clear that experts had an overall advantage in maintaining relations among objects, which was most
pronounced in the angular disparity between vectors connecting shapes in targets and sketches.
Experts' angular disparity errors approached the (greater) novice level after a delay; for retention trials
this only occurred after 30 s, suggesting a robust advantage, and for manipulation trials this occurred at
15 s, which indicates that amodal information decays faster than modality-specific information, but both
nevertheless decay less quickly in experts than in novices, at least when LT-WM links to fine-motor
programs are explicitly required during the delay.
In the recognition task, experts retained visual properties to a marginally significantly higher
degree than novices. The details of the timecourse of this advantage became clear when examining the
30 s manipulation condition, at which novices' performance continued to decline relative to the 15 s
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condition, but experts' performance did not. While this is a modest advantage, it is nevertheless
interesting, because under a constrained definition of expertise, experts should perform no better on
this recognition task.
According to Kellman and Garrigan (2009), “discovering and elaborating general principles of
perceptual learning may require abandoning the narrowest views of perceptual learning” (p. 73). The
results of experiments 2a and 2b suggest that at least one kind of training, namely in visual art, yields
learning of visual and amodal perceptual processing that are not limited to perception with a familiar
task goal. Sternberg's (2005) conception of a higher-order domain is also relevant here, in that expert
visual artists appear to possess a perceptual system that is able to handle novel visual stimuli regardless
of what operations need to be performed on it. The stimuli in experiment 3 were not familiar, and so the
potential existed for experts to perform as poorly as novices since they had no experience with these
stimuli. Therefore, they either had familiarity with sketching in general, or with visual perception in
general, or both. The results confirm that the domain of expertise in the case of visual artists should be
defined as the latter: A mode of processing visual information that makes it easier to retain and
manipulate stimulus information no matter what the goal of the processing is.
These results also confirm those of Kozbelt (2001), who found that expert visual artists
outperformed control participants on several visual cognition tasks that did not involve perception with
an art-production-specific goal such as sketching. It is important to note that the advantage for
sketching manipulation trials yielded significantly better performance for experts than novices, but this
advantage was attenuated for recognition manipulation trials. Therefore, as in other examples of
transfer of spatial skill, there is a case to be made for limited transfer of the expert advantage (Uttal et
al., in press), yet the results of the recognition task do indicate superior performance by experts on a
task that should a priori not be within their purview. Needless to say, a training study needs to be
conducted in order to assess the degree to which visual art training causes changes in perception across
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domains. One experimental finding suggests that it does; Luftig (1994) found that a curriculum
enhanced by visual art training caused significantly higher mathematics comprehension.
The results of experiments 2a and 2b speak against attenuation of top-down processing as a
mechanism to explain the expert advantage. The pattern of results from the sketching trials indicates
that experts do not have an advantage in retaining the minutiae of stimulus features (i.e., the numbers
of squares in the shapes), but rather an advantage in retaining stimuli holistically, as in the case of faces.
Faces as objects of expertise are beyond the scope of this dissertation, but serve as an interesting
analogy as objects of expertise. Face experts (i.e., most people) identify faces on the basis of the
interrelatedness of the features (eyes, nose, mouth), not by the features themselves (e.g., Tanaka &
Farah, 1993; Tanaka & Sengco, 1997; for a review see Curby et al., 2009). In the case of visual art
experts, the advantage for a non-expert category of stimuli such as the ones used in Experiment 2a also
appears to lie in the holistic aspects of the stimuli. Experts demonstrated an advantage in recalling
distance and angle between two shapes, but not in recalling the number of squares of each shape. It
could very well have been the case that this pattern were reversed; experts could have had an
advantage at retaining within-shape features, and no advantage in retaining holistic gestalts. Such a
conclusion would have been supported if experts committed less within-shape errors than novices,
which they did not.
Furthermore, if experts lacked top-down processing, they would have evidenced decrements
relative to novices on trials that required manipulation. Since they did not (in fact evidencing some
advantages), it cannot be concluded that there may be attenuated left PFC function in experts.
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CHAPTER 6
GENERAL DISCUSSION
In any daily act of perception, an object, scene, or other feature or features of a visual array may
capture one's attention and be imagined as a photograph, sketch, painting, or other rendering in a
medium of choice. Theoretically, such moments are put to good use by individuals who deliberately and
persistently create such renderings, whether professionally or avocationally; namely visual artists
(Seeley & Kozbelt, 2008). The process by which visual features are extracted from the visual input and
transformed into action in the form of fine-motor output has been studied, but only to a limited extent
(e.g., Cohen, 2005; Cohen & Bennett, 1997; Kozbelt et al., 2010; Tchalenko, 2009). Our knowledge about
the contribution of later stages of processing to the visual art experts' advantage is especially limited.
Furthermore, the extent to which extraction and abstraction of features transfers beyond the
goal of creating renderings is also poorly understood. This dissertation offers the first set of experiments
to examine stimulus-encoding abilities, immediate and delayed output of retained and manipulated
information, and the domain-specificity of tasks on performance. This paradigm has the added
advantage of providing an example of how perceptual training in one type of endeavor has implications
for perception in general.
Experiment 1a demonstrated that expert visual artists' encoding strategies were significantly
less influenced by changes in stimulus familiarity and complexity when sketching than were the
strategies of non-artist control participants. Furthermore, this experiment demonstrated that experts
were also able to execute significantly more motor output per unit of visual input than novices. This
suggests that both early and late stages of processing are affected by visual art expertise, at least when
sketching. Cohen and Bennett (1997) argued that late stages of processing, namely fine-motor output,
do not play a role in expert visual artists' advantage, but the current results argue against this
conclusion.
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Data from eye-tracking studies of expert visual artists have suggested that stimulus complexity
may play a role in how expertise alters the expert's ability to process complex stimuli compared to
familiar ones (Tchalenko, 2007; 2009). Experiment 1a demonstrated that stimulus complexity does not
affect encoding patterns in experts nearly as much as it does in novices. However, stimulus familiarity
does appear to affect later stages of processing; the experts' ratio of fine-motor output to visual input
dropped significantly when sketching familiar stimuli. Nevertheless, this ratio was still significantly
higher than that for novices, which indicates that experts overall do still possess an advantage in later
stages of visuomotor processing.
Whereas in experiment 1a, experts encoded stimuli for significantly shorter durations at a time
than novices when the goal was sketching, Experiment 1b demonstrated that early perceptual
processing (i.e., the visual encoding stage) is more efficient in expert visual artists when not sketching, as
well. Experts were able to more accurately judge the similarity of novel objects encoded for as little as
125 ms. Thus, not only is early processing altered when performing a task that should a priori be more
efficient (i.e., rapid encoding with the goal of sketching), it is altered in a task that ostensibly entails no
such requirement (i.e., rapid encoding with the arbitrary goal of recognition of changes in a novel
stimulus). Seeley and Kozbelt (2008) theorized that the same feature-extraction mechanism that serves
the goal of sketching transfers to visual perception in general with deliberate repeated practice of
feature extraction. In other words, looking for meaningful features of an object so that a sketch will look
like that object transfers to looking for those same features even when the intention is not to sketch at
all. The current experiments provide the first empirical support of this being the case.
Given the fact that the stimuli in experiment 1b were novel, it is of central importance to
consider that LT-WM links to a familiar process stored in long-term memory (Ericsson & Delaney, 1999;
Ericsson & Kintsch, 1995) may still exist. The only concept that might be in need of redefinition is what is
actually familiar to the expert visual artist. Under a constrained definition of expertise, familiarity with
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motor programs associated with objects previously encountered and/or sketched would confer an
advantage evident only when sketching familiar stimuli. However, when taken together, the results of
Experiments 1a and 1b bolster the argument that what is familiar to the expert visual artist is extraction
of stimulus features, independent of LT-WM links to familiar object representations and how to sketch
them.
Experiment 2a was designed so as to further examine the advantage that expert visual artists
may possess. Experiment 1a established that immediately following visual input, motor output is more
efficient for experts, especially when novel stimuli are sketched. But how robust is this advantage? It is
possible that there is an advantage when immediate feedback is available from perception-action cycles,
but not when the percept has to be retained or retained and manipulated for extended periods of time
before action follows. It may furthermore be the case that visual stimulus information decays faster in a
population that has previously been identified with traits consistent with the schizophrenia spectrum of
disorders (Burch et al., 2006; Getzels & Csikszentmyhalyi, 1976; Miller & Tal, 2007). Furthermore, an
advantage in encoding alone cannot be equated with an advantage in visual cognition; retention and
manipulation of stimulus information are considered distinct constructs (e.g., Baddeley, 1992;
Blazhenkova & Kozhevnikov, 2010; Kane et al., 2004), and can reasonably be implicated in processes of
deliberate extraction of visual features from objects (Cohen & Bennett, 1997; Tchalenko et al., 2003).
After all, if a sketchpad is not on hand when an interesting composition is perceived, it might take some
time to get back to the studio to get it down on paper.
The results of experiments 2a and 2b support the idea that expert visual artists possess a
general visual cognition advantage. Experts evidenced superior performance on both sketching and
recognition tasks at delays of up to 30 s after initially encoding a stimulus. This advantage was partly
limited to retaining visual features of stimuli (i.e., not manipulating them), which is consistent with
previous findings that professional artists have superior visual short-term memory, but not spatial
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working memory (Blazhenkova & Kozhevnikov, 2010). Nevertheless, there was some evidence of
superior performance by visual artists in experiment 2b on manipulation trials of the recognition task,
especially at the longest delay (see Figure 14).
It should be noted that there are limits on visual art experts' visual cognition advantage. For
example, experiment 1b demonstrated that if novel stimuli are too complex, experts have just as much
difficulty as novices encoding all the features effectively (although experts performed above chance at
275 ms, which the novices were unable to do). Similarly, when manipulation of novel stimuli is involved,
coupled with a long delay period, performance suffers both in sketching trials and recognition trials.
There are some interesting implications of the present experiments for training-induced
changes in brain structure and function. In schizotypic personality disorder, increased bilateral
prefrontal activation (Folley & Park, 2005) may act as a compensatory mechanism for left PFC
dysfunction (Siever et al., 2001), whereas individuals without the ability to recruit right PFC may have
maladaptive outcomes, and potentially be diagnosed with schizophrenia. Fine-motor control has been
shown to be mediated by right PFC (e.g., Averbeck et al., 2002; Ehrsson et al., 2000; Solso, 2001).
Furthermore, the corpus callosum has greater fractional anisotropy (i.e., integrity; Le Bihan, 2003) in
expert musicians (who also must visually encode input in the form of sheet music and turn it into
accurate fine-motor output) compared to non-musicians (Schmithorst & Wilke, 2002). This has been
shown to be caused by musical training (Hyde et al., 2009). The increased rates of self-reports of
schizotypic personality features by expert visual artists, including those sampled in Experiments 1a and
1b, motivated the hypothesis that visual information would decay more quickly in experts when they did
not have the advantage of using right PFC to program fine-motor commands during the delay interval.
This hypothesis was not supported.
It is of course possible that right PFC is recruited by expert visual artists even when they do not
have the explicit goal of sketching. Such a pattern of activation would further support the claim that the
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feature extraction mechanism (Seeley & Kozbelt, 2008) is active both in perceptual acts involving
sketching and ones that do not involve sketching. In experiment 2b, experts did not evidence as large a
disadvantage in the recognition task, suggesting that they were using the feature extraction mechanism
during both tasks. By way of analogy, recall that (a) in Experiment 1a experts' encoding patterns differed
significantly less than novices' when encoding familiar and novel stimuli, (b) in Experiment 1a experts
had shorter encoding durations when sketching, and (c) in Experiment 1b, where there was no sketching
involved, they were able to effectively encode stimuli given shorter encoding durations. If using the
same encoding strategy for different kinds of stimuli is beneficial regardless of the goal of perception,
perhaps using the same retention strategy is useful for retaining visual information, as well.
Whatever the case may be, the results of Experiments 2a and 2b speak against the connection
between visual art expertise and the schizophrenia spectrum of disorders (Keefe et al., 1997; Lees
Roitman et al., 2000). Experts' performance did not suffer compared to novices at any delay duration on
either task.
The potential applied value of the present results should not be underestimated. First of all, the
patterns described in Experiment 1a are useful in terms of training art students to utilize expert-like
encoding and output patterns. Specifically, it appears that they should train by encoding spatially
focused portions of stimuli, doing so quickly, and executing as much fine-motor output as possible
before returning for another fast, localized glance at the stimulus. Training this type of perceptual
processing can be integrated into what Winner and colleagues have described as Studio Habits of
Thinking (e.g., Heltand & Winner, 2009), among them the Habit of Observation, described as follows.
The skill of careful observation is taught all the time in visual arts classes and is not
restricted to drawing classes where students draw from the model. Students are taught,
both implicitly and explicitly, to look more closely than they ordinarily do and to see
with new eyes. Students are helped to move beyond their habitual ways of seeing and to
notice things that might otherwise be invisible. Students are taught to look closely at ...
the world (Winner et al., 2006, p. 13, italics added).
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Despite being encouraged outside the art room, the skill of Observation is nevertheless typically
trained in the context of rendering seen stimuli, or rendering stimuli from an imagined perspective, then
evaluating the sketch by comparing it to the stimulus as physically seen from the previously imagined
perspective.
The expert visual artist advantage has implications for processing of novel stimuli in any
situation or problem space. The ability to efficiently encode, retain, and manipulate novel stimuli may
underlie the Observation habit observed in art classrooms by Winner and colleagues (e.g., 2006), as well
as the effect found by Luftig (1994), whereby enrollment in an enhanced arts curriculum caused
increased comprehension of mathematics. The mechanisms underlying such a domain-independent
visual cognition advantage can be trained in a relatively easy-to-grasp domain (sketching from life), and
transfer to other, ostensibly more difficult domains, including processing of stimuli and events relevant
to science, technology, engineering, and mathematics (the STEM disciplines), comprehension of which is
seen as crucial to the success of a 21st-century workforce.
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CHAPTER 7
LIMITATIONS AND FUTURE DIRECTIONS
These experiments contained a quasi-experimental variable: Expertise. This strictly limits any
claims as to the direction of causality between perceptual processing and expertise. There is a hint that
training is the causal factor, however. In Experiment 1a, experts evidenced differences in encoding
patterns depending on stimulus type. It was only in comparison to the relatively large differences
evidenced by novices that the experts' differences were attenuated. If experts truly used the same
heuristic to process familiar and novel stimuli, there would be no differences between conditions. It
does in fact seem that experts have to purposefully "ignore" the identities of familiar objects, as
opposed to it being the default mode of processing (Gombrich, 1960).
In any case, given the current design, it is impossible to discern whether training causes
improved encoding, retention, output, and to some extent manipulation, or if possessing these abilities
leads individuals to pursue careers in visual art. An experimental training study would have to be carried
out in order to examine this question. There are several ways this could be done. Research on spatial
skills suggests that at least 40 hours of training should be administered between pre- and post-training
testing (Uttal et al., in press). The pacing of the training is also important. Baenninger and Newcombe
(1989) found that training "which was part of a curriculum but lasted less than one semester" (p. 338)
yielded better post-training spatial skills than shorter-duration training. However, Ericsson and
colleagues (1993) demonstrated that intensive training (i.e., several hours per day) is necessary for
eminence to be eventually achieved in musical performance. Therefore, a more intense regimen (e.g.,
two to four hours per day) could be utilized, although the logistical challenges of implementation
preclude this option, especially for young children.
The possibility exists that practice effects also played a role in the present experiments.
Specifically, Experiments 1a (sketching) and 1b (recognition) were presented to the same participants in
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counterbalanced order. Experiments 2a (sketching) and 2b (recognition) consisted of sketching and
recognition tasks also, but presented them to participants in randomized order. The purpose of that
aspect of the design of Experiment 2 was to decrease any potential practice effects, and increase
ecological validity, in that knowing what stimulus will or will not be deemed important enough to sketch
is difficult if not impossible to predict, regardless of whether the same feature extraction mechanism is
at work in both sketched and unsketched instances of visual perception.
Future studies should address this problem by presenting both randomized and blocked
versions of experiment 3 to different groups of participants to directly compare rates of performance on
the same stimuli and tasks over the course of an experimental session. Furthermore, not only should
sketching and recognition tasks be blocked, but delay duration could be increased over successive trials
instead of being randomized.
There is also the question of when to present instructions to participants. In Experiment 2, the
goal of perception (recognition or sketching) and the requirement of manipulation (retain "as is" or flip)
were presented immediately after the target stimulus disappeared. Over the course of the delay, there
was little control over when manipulation was taking place. Despite the fact that sketching times were
limited to 10 s, it is possible that participants were retaining mental representations and only
manipulating them once it was time to sketch or once the probe stimulus appeared on-screen
(recognition trials). Self-reports from pilot participants indicated that this was sometimes the case.
However, inclusion of the verbal distracter task during the delay and limiting response time eliminated
pilot participants' post-session reports of the use of these strategies.
A further limitation in the current study arises from the fact that all experiments used twodimensional black and white stimuli. This limits ecological validity in that information contained in twodimensional stimuli lacks depth cues, motion parallax, etc. (Gibson, 1971). Future studies should
examine the effects that three- versus two-dimensional objects have on processing. For example,
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sketching actual objects may aid novices in approximating expert encoding, retention, manipulation, and
even motor output patterns; especially compared to sketching photographs of those same objects.
Furthermore, visual artists report more vivid mental color imagery than both scientists and humanities
professionals (Blazhenkova & Kozhevnikov, 2010), suggesting that using color versions of the Snodgrass
and Vanderwert (1980) stimulus set might yield different results than in Experiment 1a.
Finally, the current experiments examined visual perceptual processing. It is not well understood
how training in a domain such as visual art may impact other modalities, such as auditory perception.
For example, it has been shown that in high-functioning individuals (as defined by high IQ scores),
creative eminence is correlated with an ability to attend to multiple streams of stimuli, one of which is
visual and one of which is auditory (Carson, Peterson, & Higgins, 2003). The assumption is that the visual
art experts in the present experiments have at least some creative achievement, although no
quantitative measures of creativity were collected, as perception, not creativity, was under
investigation. It is not difficult, however, to imagine that the two are intertwined.
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APPENDIX A
EXPERIMENT 1A DATA
Stimulus Type
Dependent Variable
Sketch Accuracy
Overall Encoding Time
Individual Encoding
Durations
Focal Encoding Breadth
Total Encoding Breadth
Overall Sketching Time
Individual Sketching
Durations (O/I)
Focal Sketching Breadth
Total Sketching Breadth

Group

FC

FS

NC

NS

Novices

4.34 (0.71)

4.94 (0.54)

5.11 (0.46)

5.46 (0.41)

Experts

5.8 (0.34)

5.91 (0.19)

5.73 (0.46)

5.91 (0.48)

Novices

0.27 (0.06)

0.21 (0.07)

0.25 (0.08)

0.22 (0.07)

Experts

0.18 (0.08)

0.14 (0.06)

0.15 (0.08)

0.12 (0.07)

Novices

0.69 (0.12)

0.57 (0.12)

0.55 (0.12)

0.5 (0.1)

Experts

0.48 (0.1)

0.43 (0.08)

0.45 (0.08)

0.4 (0.08)

Novices

29.86 (2.73)

30.84 (1.95)

24.75 (3.19)

26.01 (2.08)

Experts

27.48 (3.13)

27.73 (3.1)

23.84 (2.48)

22.96 (1.64)

Novices

385.22 (50.9)

327.9 (49.07)

298.55 (76.1)

266.67 (49.02)

Experts

285.42 (54.28)

264.68 (60.62)

243.99 (50.95)

221.38 (68.49)

Novices

0.39 (0.05)

0.35 (0.07)

0.33 (0.05)

0.33 (0.09)

Experts

0.45 (0.17)

0.34 (0.12)

0.44 (0.22)

0.43 (0.19)

Novices

1.34 (0.42)

1.78 (0.97)

1.51 (0.69)

1.86 (0.93)

Experts

3.09 (2.41)

2.88 (2.07)

3.47 (2.5)

4.64 (3.67)

Novices

1.82 (0.46)

1.8 (0.34)

1.68 (0.37)

1.59 (0.26)

Experts

1.97 (0.54)

2.18 (0.39)

1.81 (0.58)

1.93 (0.54)

Novices

159.23 (63.43)

179.39 (60.45)

176.51 (93.49)

191.27 (97.16)

Experts

259.06 (223.97) 233.3 (156.01)

Note. Values are listed as M (SD)

434.1 (388.07) 531.21 (476.33)
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APPENDIX B
EXPERIMENT 1B DATA
Dependent
Variable
d' (complex)
d' (simple)

Encoding Duration
Group
Novices

50 ms
0.17 (0.37)

125 ms
-0.33 (0.55)

200 ms
0.14 (0.46)

275 ms
0.25 (0.82)

Experts

-0.14 (0.65)

0.37 (0.34)

0.28 (1.27)

0.56 (0.74)

Novices

0.27 (0.66)

0.52 (0.65)

0.62 (0.54)

0.69 (0.89)

Experts

0.29 (1.03)

0.79 (1.23)

1.2 (0.98)

1.24 (1.12)

Note. Values are listed as M (SD)
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APPENDIX C
SPQ-B QUESTIONNAIRE DATA
SPD Factor
Group
Novices

Total SPD
Score
6.07 (2.91)

CognitivePerceptual
2.33 (1.03)

Experts

8.38 (2.77)

3.25 (2.25)

Note. Values are listed as M (SD)

Interpersonal

Disorganized

2.82 (1.96)

0.92 (0.84)

2.5 (1.31)

2.63 (1.6)
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APPENDIX D
EXPERIMENT 2A DATA
Trial Type
Dependent
Variable

Retention

Manipulation

5s
15 s
30 s
5s
15 s
30 s
Group
Novices 0.22 (0.17) 0.16 (0.14) 0.16 (0.13) 0.16 (0.15) 0.16 (0.15) 0.11 (0.07)

Proportion of
Perfect Sketches Experts 0.45 (0.19)

0.4 (0.2)

0.34 (0.19)

0.33 (0.2)

0.28 (0.19) 0.27 (0.15)

Proportion of
Failed Sketches

Novices 0.08 (0.13) 0.08 (0.11) 0.08 (0.16)

0.1 (0.15)

0.11 (0.17) 0.14 (0.24)

Experts 0.03 (0.1)

0.04 (0.11) 0.09 (0.13) 0.05 (0.13)

Within-shape
Error*

Novices 0.13 (0.07) 0.12 (0.07) 0.14 (0.09) 0.12 (0.06) 0.13 (0.05) 0.14 (0.08)
Experts 0.1 (0.08)

0.11 (0.07) 0.13 (0.08) 0.11 (0.06) 0.12 (0.08) 0.13 (0.09)

Gestalt Error:
Magnitude

Novices 0.1 (0.32)

0.16 (0.28) 0.19 (0.25) 0.14 (0.24) 0.24 (0.19) 0.3 (0.22)

0.05 (0.1)

0.08 (0.2)

Experts 0.12 (0.21) 0.16 (0.23) 0.22 (0.23) 0.23 (0.19) 0.18 (0.22) 0.19 (0.22)

Novices 0.55 (0.3) 0.65 (0.29) 0.55 (0.23) 0.96 (0.35) 0.93 (0.36) 0.94 (0.38)
Gestalt Error:
Angular Disparity Experts 0.48 (0.17) 0.49 (0.29) 0.65 (0.33) 0.78 (0.43) 0.95 (0.46) 0.9 (0.47)
Note. Values are listed as M (SD)
* Values are listed as ratio of number of squares deviated to total squares (see Equation 3).

88
APPENDIX E
EXPERIMENT 2B DATA
Delay Duration
Dependent
Variable
d' (retain)
d' (manipulate)

Group

5s

15 s

30 s

Novices

1.86 (0.65)

1.45 (0.86)

0.94 (0.76)

Experts

2.04 (0.73)

1.75 (0.81)

1.73 (0.86)

Novices

1.48 (0.82)

1.15 (1.05)

0.84 (0.94)

Experts

1.77 (0.84)

1.33 (0.92)

1.37 (0.78)

Note. Values are listed as M (SD)
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APPENDIX F
INSTRUCTION SHEET FOR EXPERIMENT 2

Note: Step 3 indicates the images participants saw after the target stimulus disappeared. All instruction
screens had a 50% gray background.

