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Temporal-and Orientation-Based Properties of the Relationship Between
Imagination-and Observation-Based Face Drawings

Justin Ostrofsky, Katharine Casario, Roxanne Canfield, and Ryan Pletcher
School of Social and Behavioral Sciences, Stockton University

Individual variability in how some spatial relationships are depicted in imagination-based drawings reli-
ably predicts how they are reproduced in observation-based drawings. This suggests that when producing
observation-based drawings, a long-term memory representing how to draw an object influences drawing
in addition to the perception of the visual information apparent in the model. This article reports studies
that aim to determine the temporal- and orientation-based properties of this predictive relationship. In 3
studies, participants created an imagination-based face drawing followed by creating observation-based
face drawings. Drawings were measured based on how spatial relationships between features were
depicted. In Study 1, observation-based drawings were produced approximately 1.5 months after produc-
ing imagination-based drawings. We observed significant and positive correlations between the two
types of drawings with respect to how spatial relationships between features were depicted, indicating
that long-term memory (as opposed to short-term memory) underlies the predictive relationship between
the two types of drawings. In Studies 2 and 3, after producing an upright-oriented imagination-based
drawing, participants produced observation-based drawings of an upright model and a rotated model
(Study 2: upside down; Study 3: sideways). We observed that depictions of some of the spatial relation-
ships between features in the imagination-based drawings were significantly and positively correlated
with how they were reproduced in both the upright and rotated observation-based drawings. This indi-
cates that the relationship between imagination- and observation-based drawings is not dependent on the
drawings being produced in the same orientation (with respect to some spatial relationships).

Keywords: face drawing, long-term memory, memory drawing, observational drawing, realistic drawing

Observational drawing (referred to as “drawing” for the remain-
der of this article unless stated otherwise) is the behavior where an
individual reproduces the appearance of a model object or scene
that they perceive while drawing. Individual variability in quality
is an established characteristic of such drawings (Chamberlain &
Wagemans, 2016). Some individuals (e.g., trained artists) are
skilled in creating a recognizable reproduction of a model while
others (e.g., individuals without extensive practice in drawing)
struggle to do so. Another aspect of individual variability charac-
terizing this behavior relates to situations where multiple individu-
als create a drawing based a single, standardized model (e.g., a
sample of individuals create a drawing based on a photograph of a
single face). In such situations, the appearance of the drawings
varies across individuals even though all the drawings were based
on a standard model. This extends beyond the observation that
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some drawings are of higher quality than others; even in situations
where individuals of comparable skill produce drawings of a
standard model, variability in the drawings’ final appearance have
been observed (e.g., Ostrofsky et al., 2012).

The novel studies reported here are part of a larger research
effort that aims to determine the factors that predict individual
variability in the final appearance of drawings. A common
theme of such research is the idea that individual variability in
drawing performance is largely predicted by individual differ-
ences in how visual information apparent in the model is proc-
essed during drawing production (e.g., Chamberlain et al.,
2019; Chamberlain & Wagemans, 2015; Cohen, 2005; Mitchell
et al., 2005; Ostrofsky et al., 2015; Ostrofsky, Kozbelt, Cohen,
et al.,, 2016; Ostrofsky et al., 2012; Perdreau & Cavanagh,
2014; Tchalenko, 2009). Although this is a noncontroversial
idea that is supported by empirical evidence, other research
indicates that this general perspective is incomplete. Research
has established that variability in memory-based information
acquired before an individual begins the act of drawing also
predicts individual differences in the final appearance of draw-
ings (Ostrofsky et al., 2015; Ostrofsky, Kozbelt, Tumminia, et
al., 2016; Ostrofsky et al., 2017).

One line of empirical evidence supporting this idea comes from
demonstrations that manipulating what an individual knows about
the canonical appearance of common objects directly affects the
appearance of drawings they later create (Ostrofsky, Kozbelt,
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Tumminia, et al., 2016). For instance, providing an individual the
knowledge that the eyes on a human face are positioned approxi-
mately half-way down the head causes them later to draw the vertical
position of the eyes more accurately compared to an individual not
provided this knowledge. Another line of evidence supporting this
idea comes from research assessing drawings of ambiguous figures
(Allen & Chambers, 2011; Carmichael et al., 1932; Eberhardt et al.,
2003; Ostrofsky et al., 2017; Sommers, 1984; Vinter, 1999). This
research has demonstrated that manipulations of how an ambiguous
figure’s identity is interpreted causes individuals to later draw the fig-
ure to look more like the object they interpreted the figure’s identity
to be.

The final line of evidence to be discussed here that supports this
memory-based account of drawing performance, and the one most
relevant to the novel studies reported here, comes from studies
that have investigated the predictive relationship between imagina-
tion- and observation-based drawings (Harrison et al., 2017; Mat-
thews & Adams, 2008; Ostrofsky et al., 2015). Here, imagination-
based drawings refer to drawings of an object that are produced
from memory and are created in the absence of a model to be per-
ceived and reproduced. An assumption of this research is that the
production of imagination-based drawings is based, at least par-
tially, on individuals’ long-term graphic memories that represent
how to draw common objects. The major question these studies
addressed was whether individual differences in the appearance of
imagination-based drawings predicted individual variability in ob-
servation-based drawings under the Condition that both types of
drawings represented the same object category (object categories
that have been used in these studies include faces of humans and
cats, houses and cylinders). The method of these studies was gen-
erally the same: first, individuals were instructed to create an
imagination-based drawing of a specific type of object, and after-
ward, were exposed to and asked to reproduce in an observation-
based drawing a standard model representing the same type of
object the imagination-based drawings depicted. Both types of draw-
ings were then measured according to how multiple spatial relation-
ships between features were depicted. The analyses in these studies
determined whether there was a predictive relationship between the
appearance of the imagination- and observation-based drawings
with respect to the depictions of these spatial relationships.

In these studies, many of the spatial relationships measured
were found to be positively correlated between the two types of
drawings. These results have been interpreted to suggest that the
production of observation-based drawings is partially guided by
graphic-based information stored in long-term memory in addition
to the visual information directly perceived in the reproduced
model. When an individual is tasked with creating an observation-
based drawing of a model representing a commonly drawn object,
a long-term memory of how to draw that type of object is thought
to be activated and partially biases the production of the drawing.
Further, because individual variability in the appearance of the
imagination-based drawings was observed across all studies, this
suggests that graphic long-term memories are idiosyncratic, and
thus, partially explains individual variability in the appearance of
observation-based drawings, even under conditions when all par-
ticipants draw a single, standard model.

However, methodological limitations of these three studies raise
questions pertaining to the properties of the relationship between
imagination- and observation-based drawings. Evaluating two

previously hypothesized properties of this relationship are the
focus of the novel studies reported here.

The first is that the relationship between these two types of
drawings is reflective of long-term, as opposed to short-term,
memories partially biasing the production of observational draw-
ings. The three studies cited above (which, to our knowledge, are
the only studies to date that have used this method) share the com-
mon method that the observation-based drawings were produced,
at most, 10 minutes after the production of the imagination-based
drawings. Thus, there are at least two ways of interpreting the pos-
itive correlations between the two types of drawing. On the one
hand, these correlations could indicate that the observation-based
drawings were partially guided by stable long-term memory repre-
sentations reflected by the imagination-based drawings. On the
other hand, the similarity in appearance between the two types of
drawings could be due to a lingering short-term memory (STM) of
the imagination-based drawings the subjects created that then bi-
ased the production of the observation-based drawing produced
minutes later. To resolve this ambiguity, Study 1 reported here
evaluated whether the predictive relationship between these two
types of drawings is found when there was a 1.5-month delay
between the production of the two types of drawings. If the rela-
tionship between these drawings is based on stable long-term
memories, then one would predict correlations between the two
types of drawings that are similar in magnitude regardless of
whether there is a long- or short-delay between the production of
the two types of drawings. In contrast, if this relationship is based
on a STM process, then one would predict that an approximately
1.5-month delay between the production of the two types of draw-
ings would result in weaker-to-absent correlations between the
drawings than what would be found if the two drawings were pro-
duced with a minutes-long delay between them. It is important to
acknowledge that these predictions assume that 1.5 months is
enough Time to forget the appearance of the imagination-based
drawings that the participants initially produced.

The second property of this relationship between these two
types of drawings relevant to the current studies concerns the ori-
entation-specificity of the relationship. In Matthews and Adams
(2008); all participants created observational drawings based on a
standard, upright-oriented cylinder model. However, the instruc-
tions for the imagination-based drawing Task did not require the
participants to produce a drawing of an upright cylinder. What
resulted was that 68% (or, 49) of the participants produced an
upright-oriented imagination-based cylinder drawing, whereas
32% (or, 23) of the participants produced a sideways-oriented
imagination-based cylinder drawing. For the group of participants
that produced both drawings in the same, upright orientation, the
correlations pertaining to four of the six spatial relationships that
were assessed were significant with correlation coefficients rang-
ing from .30 to .46, and the correlations for the other two relation-
ships were marginally significant with associated p-values of .08
and .07 with correlation coefficients ranging from .26 to .28. In
contrast, for the group of participants that produced the two draw-
ings in different orientations, none of the six correlations assessed
were significant (p-values ranging from .20 to .79). The correlation
coefficients ranged in value from .06 to .28, and the correlations
for all of the six spatial relationships assessed were weaker for
the different-orientation group than the same-orientation group.
Although Matthews and Adams (2008) did not dismiss the
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possibility of low-statistical power for the different-orientation
group explaining this finding (and one should not dismiss the
problem that the lack of random assignment to same- vs. differ-
ent-orientation groups poses), they speculated that it is possible
that the long-term graphic memories reflected by the imagina-
tion-based drawings are orientation-specific. This orientation-spe-
cific hypothesis suggests that when producing an observation-based
drawing, a long-term graphic memory is activated whose represen-
tation of the object is matched in orientation to that of the model
being drawn. This would mean that individual variability in the
appearance of imagination-based drawings would only be predic-
tive of individual differences in the appearance of observation-
based drawings when the two drawings are produced in the same
orientation.

Studies 2 and 3 were designed to evaluate this orientation-spe-
cific hypothesis. In Study 2, participants began by producing an
imagination-based drawing of a face in the upright orientation.
Then, they were asked to produce an observation-based drawing
of a model face twice, once while viewing and drawing the model
upright and once when the model was rotated upside down. Study
3 was similar, with the exception that, rather than draw an upside-
down model face, subjects drew a face that was rotated sideways
instead (90 degrees relative to upright). If the relationship between
imagination- and observation-based drawings is orientation-spe-
cific, then one would predict that the imagination-based drawings
would be more strongly correlated with the upright-oriented obser-
vation-based drawings than the rotated drawings. In contrast, if the
relationship between imagination- and observation-based drawings
is not orientation-specific, then one would predict that the imagi-
nation-based drawings would be similarly correlated to both the
upright and rotated observation-based drawings.

Finally, although not the main focus of the current study, the data
collected for these studies allow us to report the results of ancillary
analyses that further informs and attempts to replicate prior research.
Specifically, across all three studies, we assessed whether the distribu-
tion of observation-based drawing errors were biased systematically
versus randomly in direction, as past research has demonstrated sys-
tematic directional biases in the spatial errors found in face drawings
(e.g., drawing the head too round, the eyes too far up the head and the
nose too narrow; Ostrofsky et al., 2014; Ostrofsky et al., 2015). Addi-
tionally, in Studies 2 and 3, we assessed whether observation-based
drawing errors differ or not between reproductions of upright- versus
rotated-oriented models. Despite art instructors’ claims that drawing
upside-down models improves drawing quality (e.g., Edwards, 2012);
past research has demonstrated that upside-down model rotation either
impairs or has no effect on the drawing of spatial relationships between
facial features (Cohen & Earls, 2010; Day & Davidenko, 2018; Ostrof-
sky, Kozbelt, Cohen, et al., 2016; Viviani & Bruno, 2017).

Study 1

Method
Participants

Fifty undergraduates participated in this study. One participant
was excluded from the analysis due to producing an incomplete
drawing of a face. Thus, the analysis for this study assessed the
drawings of 49 participants (41 females, 8 males; M [SD] age =

21.34 [3.22] years). In Studies 1-3, recruitment materials indicated
that participants were not required to be skilled in drawing to par-
ticipate, participants provided informed consent, and were pro-
vided course credit as compensation.

Materials

Participants were randomly assigned to produce an observation-
based drawing of one of four male face models (see Figure 1). The
four face models were computer-generated images created using
FaceGen Modeller (Version 3.1). The faces were varied by race
through manipulating the race-morph tool; the faces differed from
each other by being set to either 100% “European,” 100% “Afri-
can,” 100% “Southeast Asian,” or 100% “East Indian.” All faces
were set to have an emotionally neutral expression. Models were
displayed in color against a white background on a computer mon-
itor. As displayed on the computer monitor, each face was approx-
imately 8.75 in. in height.

Participants created both of their drawings on separate 8.5 X
117 white sheets of paper using a No. 2 pencil with an eraser.

Procedure

The study was conducted in two phases separated in Time by
approximately 1.5 months. In Phase 1, participants produced an
imagination-based drawing of a face, and, in Phase 2, participants
produced an observational drawing based on one of the four model
face images described above. Participants were deliberately made
to produce the imagination-based drawing first and the observation-
based drawing second (as opposed to counterbalancing the order of
the two drawing tasks) in order to prevent the production of the
imagination drawings from being influenced by a memory of the
model face displayed in the observation-based drawing task. This
procedure was maintained in Studies 2 and 3 for the same reason.

In Phase 1, participants were asked to use their imagination to
create a drawing of an average male face depicted in a full-frontal
orientation with a neutral emotional expression and without any

Figure 1

The Four Face Models That Were the Basis of the Observation-
Based Drawings (Models 1—4 Depicted From Left to Right), in
Addition to Examples of the Appearance of the Upside-Down
Models Used in Study 2 and the Sideways Models Used in Study 3

X XX
Y

Note. Each participant was randomly assigned to draw one of these four
faces. Note that all models were displayed in color to the participants. See
the online article for the color version of this figure.
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facial hair (drawing hair on the head was explicitly permitted).
Further, participants were instructed to only draw a head and face
without drawing any other part of the body. Participants were
informed that they would have a 15-minute time limit to produce
their drawings. Finally, participants were instructed that they could
use an eraser to modify any aspect of their drawing during the 15-
Minute period. After any questions about the instructions were
addressed, participants produced their drawings. After the draw-
ings were complete, the Phase 1 Session concluded.

Participants returned approximately 1.5 months later to partici-
pate in Phase 2. Each participant was randomly assigned to draw
only one of the four model faces described in the Materials section.
The Task began with the presentation of the model face on a com-
puter monitor, and then participants were instructed to draw as
accurate a copy of the model as possible. They were instructed not
to exclude any of the features found in the face and not to add any
features absent from the model. Further, they were instructed that
they could use whatever drawing technique they desired to produce
the drawing except for tracing. As with the Phase 1 drawing task,
subjects had a 15-minute time limit to complete their drawing.
Once any questions about the instructions were addressed, partici-
pants produced their drawings. After the drawings were completed,
participants were debriefed and their participation concluded.

Measures of Drawing Performance

Performance in both drawing tasks were assessed using meas-
ures that quantified how participants depicted multiple spatial
relationships between facial features. The measurement procedure
is illustrated in Figure 2 For each drawing, seven measurements,
A—G, were recorded in centimeters:

e A = height of the head: measured as the vertical distance
from the top of the head to the bottom of the chin.

e B = height of the eyes: measured as the vertical distance
between the top of the head and the midpoint of the hori-
zontal line that passed through both pupils of the two eyes.

e C = height of the nose: measured as the vertical distance
between the top of the head and the bottom of the nose.

Figure 2

Hllustration of the Seven Measurements, A—G, Made (in CM) for
Each Drawing and That Served as the Basis for the Computation of
the Nine Spatial Relationship Ratios (SRRs) That Were Subjected to
Correlational Analysis

Note. See the online article for the color version of this figure.

* D = height of the mouth: measured as the vertical distance
between the top of the head and the bottom of the lower
lip of the mouth.

e E = width of the head: measured as the horizontal distance
between the two points where the top corners of the ears
intersect with the face.

e F = interocular distance: measured as the horizontal dis-
tance between the inner corners of the two eyes.

* G = width of the nose: measured as the horizontal distance
between the two nostrils of the nose.

To control for between- and within-participant differences in
the absolute size of the face drawings, nine Spatial Relation Ratios
(SRRs) were computed based on measurements A-G. For all the
following SRRs that divide a measure by measure A, the SRR was
computed relative to the height of the head; for all the following
SRRs that divide a measure by measure E, the SRR was computed
relative to the width of the head:

* B/A =eye height

e C/A =nose height

e D/A = mouth height

e F/E = interocular distance

* G/E = nose width

* (D - B)/A = vertical distance between the eyes and mouth

e (C—B)/A = vertical distance between the eyes and nose

¢ (D—C)/A = vertical distance between the nose and mouth

* A/E = head shape (or, the height-to-width ratio of the
head)

Results

Table 2 provides means, standard deviations and 95% confi-
dence intervals pertaining to the distributions of SSR values for
the imagination- and observation-based drawings.

Primary Analyses

The following analyses assessed whether there was a predictive
relationship between individual differences in the way the imagi-
nation- and observation-based drawings depicted the nine SSRs.
We computed Pearson r correlation coefficients in order to accom-
plish this for each of the nine SSRs (df = 47).

Table 1 provides the results of these analyses. Seven out of the
9 SRRs were significantly and positively correlated between the
two types of drawing tasks at a .05 significance level. These SRRs
include (a) eye height, (b) nose height, (c) interocular distance, (d)
nose width, (e) eye-mouth distance, (f) eye-nose distance, and (g)
nose-mouth distance, whose correlation coefficients varied in
value from .380 to .468, indicative of moderately strong relation-
ships. The SRRs that were not significantly correlated between the
two types of drawings at the .05 significance level included (a)
mouth height and (b) head shape.

Since there were nine correlations computed for this single sam-
ple, using a .05 significance level for each correlation analysis
inflates the family-wise type-I error rate. In order to control for
this, we utilized the Hochberg Step-Up Method to adjust the a-lev-
els in order to maintain a family-wise .05 a-level. Utilizing this
a-correction method did not change the outcomes of the signifi-
cance tests reported above.
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Table 1
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Pearson r Correlation Coefficients [95% Confidence Interval of r] Between Imagination-Based Drawings and the Five Types of
Observation-Based Drawings Produced in Studies 1-3

Spatial relationships

Study 1 (df = 47)

Study 2 (df = 54)

Study 3 (df = 52)

Upright

Upright

Upside-down

Upright

Sideways

Eye height

Nose height

Mouth height
Interocular distance
Nose width
Eye-mouth distance
Eye-nose distance
Nose-mouth distance

A443+%*% 171, .652]
403%* [.126, .622]
.053 [—-.232, .329]
413%* [.137, .629]
4547+ 184, .660]
A4527%%% 1182, .659]
.380%* [.100, .604]
468++* [.200, .671]

412%* [.156, .616]
.291% [.025, .519]
.301* [.035, .527]
.308* [.043, .533]
441°+%* [189, .638]
S13##% 1273, .693]
.336%* [.073, .555]
.438+#* [.186, .636]

254 [—.014, .488]
—.135 [—.385, .134]
—.004 [—.267, .259]

4227+ 1168, .624]

409+ [.153, .614]

423 1169, .625]

.282%[.015, .511]

217 [—.052, .457]

.084 [—.183, .340]

A479%%* 228, .670]
418+* [.158, .624]
.362** [.096, .580]
.279% [.007, .513]
.290* [.018, .522]
A491+%% 242, .679]
A486*** [.236, .676]
441+%* [184, .642]
.016 [—-.253, .283]

.289% [.017, .521]
.084 [—.188, .344]
148 [—.126, .401]
358%* [.091, .577]
.356%* [.089, .575]
A422%%% (162, .627]
.305% [.034, .534]
.270 [—.003, .505]
—.246 [—.485, .027]

Bold values indicate the correlation is statistically significant at the corrected « level that was determined using the Hochberg Step-Up Method to

maintain a familywise « level of .05 (corrected for 9 correlations for Study 1 and for 18 correlations each for Studies 2 and 3).

Head shape 185 [—.104, .445] .163 [—.106, .410]
Note.

#p=< .05 *p=.0l. *®*p=< 00l

Ancillary Analyses

To assess whether the distribution of observation-based drawing
errors was systematically or randomly biased in direction, we uti-
lized an approach described in detail in prior reports (Ostrofsky et
al., 2014; Ostrofsky et al., 2015). First, for each SSR, we com-
puted directional errors by dividing the SSR value computed from
the drawing by the SSR value computed from the model. Here, an
error value of 1.00 would indicate no error at all. After collapsing
across the drawings of all 4 models, we performed single-sample
t-tests comparing the mean directional drawing error to a Test
value of 1.00. Using this method, random directional error biases
are indicated by the mean SRR value of the drawings not being
significantly different from 1.00. In contrast, systematic directional
error biases are indicated by mean SSR values being significantly
greater or less than 1.00.

Results relevant to these analyses are reported in Table 2 To
highlight the key findings, the distribution of directional errors
were systematically biased, on average, to reproduce (a) the eyes
too high and too close together (B/A & F/E), (b) the head too
round (A/E), (c) the nose too high and too narrow (C/A & G/E),
and (d) the vertical distances between the eyes-and-mouth and the
nose-and-mouth too long ([D-BJ/A & [D-CJ/A). In contrast, ran-
dom directional error biases were observed for the drawing of the
height of the mouth (D/A) and the vertical distance between the
eyes and nose ([C-BJ/A).

Discussion

Individual differences in the depictions of the eye height, nose
height, interocular distance, nose width, eye-mouth distance, eye-
nose distance and nose-mouth distance in the imagination-based
drawings reliably predicted how they were reproduced in the ob-
servation-based drawings approximately 1.5 months later. Com-
paring these results to those observed in prior studies of human
face drawing (Harrison et al., 2017; Ostrofsky et al., 2015);
wherein the production of these two types of drawings were sepa-
rated by minutes, reveals a strong degree of consistency in the
results. Ostrofsky et al. (2015) reported significant, positive corre-
lations between the two types of drawings with respect to the

depictions of the eye-height (» = .33), interocular distance (r = .32)
and nose-width (r = .54). Further, although not reported in Ostrof-
sky et al. (2015); reanalysis of the data from that study revealed,
similar to what was observed in the current study, a significant,
positive correlation between the two types of drawings with
respect to drawings of the eye-mouth distance, r(36) = .420, p =
.009. Since the assessment of the drawings in the Ostrofsky et al.
(2015) study did not measure the nose-height, we could not assess
the consistency of results between current and past research with
respect to any of the nose-related spatial relationships assessed
here. Moreover, the results of the current study are consistent with
the results reported by Harrison and colleagues (2017), who
reported a significant, positive correlation between the two types
of drawings with respect to the depiction of the eye height (the
only spatial relationship assessed in that study) in drawings of a
human face (r = .43) and a cat face (r = .62).

However, the results of the current study were inconsistent with
some of the results reported by Ostrofsky et al. (2015). Namely,
although not found to be significantly correlated here, Ostrofsky et
al. (2015) reported significant, positive correlations between the
two types of drawings with respect to the depictions of the mouth
height (» = .65) and head-shape (r = .44).

Assuming the production of imagination-based drawings are
based on long-term graphic memories and that 1.5 months is
enough Time to forget the appearance of the imagination-based
drawings before the observation-based drawings were produced,
the results of the current study provide evidence supporting the
idea that the relationship between these two types of drawings is
based on long-term, as opposed to short-term, memory processes.

More detailed discussion of these results and the results of the
ancillary analyses is found in the General Discussion section.

Studies 2 and 3

The next two studies were designed to assess whether this rela-
tionship is orientation-specific or -nonspecific. In these studies, we
assessed whether the depictions of spatial relationships in upright
imagination-based drawings were predictive of the reproductions
of these relationships in upright- and/or upside-down-oriented
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Table 2

Study 1: Spatial Relation Ratio (SSR) Values of the Four Drawing Models; M, Standard Deviation & 95% Confidence Intervals of the
M of the SRR Values for the Observation-Based and Imagination-Based Drawings; M, Standard Deviation and 95% Confidence
Intervals of the Means for the Observation-Based Drawing Errors; Results of Inferential Tests Assessing for Systematic Biases in
Observation-Based Drawing Errors

Spatial relation ratios (SSRs)

Models B/a Cla D/a A/E F/E G/E (D-B)/a (C-B)/a (D-C)/a
Model 1 (n = 12)
Model Value 46 .68 .81 1.63 25 27 .36 22 13
0.D. M (SD) 0.45(.06)  0.67(04) 0.83(02) 1.50(.17) 0.24 (.05) 0.23(.03) 0.38 (.05) 022 (.03) 0.16 (.04)
95% CI of O.D. Mean [.41, .48] [.64, .69] [.81,.84] [1.40,1.61] [.21,.27] [.21,.25] [.35, 41] [.20, .24] [.14,.19]
1.D. M (SD) 41 (.07) .64 (.06) 81(04) 1.34(.12) 22 (.08) .17 (.06) .40 (.07) 23 (.04) 17 (.05)
95% CI of I.D. Mean [.36, .46] [.60, .68] [.79,.83] [1.27,1.42] [.17,.27] [.13,.21] [.36, .44] [.21,.25] [.14, .20]
Model 2 (n=11)
Model Value A7 .66 .85 1.66 .30 .38 .39 .19 .19
0.D. M (SD) 42 (.04) .64 (.03) .84 (.03) 1.49(.13) 23 (.08) .27 (.07) 42 (.03) 21 (.04) .20 (.02)
95% CI of O.D. Mean [.40, .45] [.62, .60] [.82,.86] [1.40,1.58] [.18,.29] [.23,.32] [.39, .44] [.19, .24] [.19, .22]
1.D. M (SD) 40 (.03) .62 (.05) 81 (04) 1.35(.20) 19 (.04) .16 (.05) 40 (.04) 22 (.04) .19 (.04)
95% CI of I.D. Mean [.38, .43] [.58,.66] [.78,.83] [1.22,1.48] [.16,.22] [.13,.19] [.38, .43] [.19, .24] [.16,.22]
Model 3 (n = 13)
Model Value 46 .66 .83 1.78 .28 31 37 .20 17
0O.D. M (SD) 43 (.04) .65 (.04) .83(.02) 1.58(.16) 27 (.05) .26 (.06) .40 (.04) 22 (.04) .18 (.03)
95% CI of O.D. Mean [.41, .45] [.62,.67] [.81,.84] [1.48,1.67] [.24,.30] [.22,.29] [.38, .43] [.20, .24] [.16,.20]
1.D. M (SD) 45 (.07) .66 (.04) 83 (05  1.32(.11) 22(.09) .18 (.06) .38 (.03) 21 (.04) 17 (.03)
95% CI of I.D. Mean [.41, .49] [.63,.69] [.80,.85] [1.25,1.39] [.16,.27] [.15,.21] [.36, .40] [.19, .24] [.15,.18]
Model 4 (n = 13)
Model Value A7 .68 .85 1.54 27 28 .38 21 17
0.D. M (SD) 44 (.04) .65 (.03) 85(04) 1.40(.13) 25 (.08) .24 (.04) 41 (.06) .20 (.04) .20 (.03)
95% CI of O.D. Mean [.42, .47] [.63, .60] [.83,.87] [1.32,1.48] [.20,.29] [.22,.20] [.37, .44] [.18,.23] [.18,.22]
1L.D. M (SD) 41 (.08) .63 (.06) 82(.04) 1.36(.14) 23 (.07) .18 (.06) 41 (.05) .22 (.05) .19 (.04)
95% CI of I.D. Mean [.37, .46] [.60, .67] [.79,.84] [1.27,1.44] [.19,.28] [.14,.22] [.38, .44] [.19, .25] [.16, .21]
Total (N = 49)
O.D. Error M (SD) .94 (.10) 97 (.05) 1.00 (.04) .90 (.09) 92 (.24) .82(.16) 1.07 (.12) 1.03 (.19)  1.13(.21)
95% CI of O.D. Error Mean [.92, .97] [.96, .99] [.99, 1.01] [.88,.93] [.85,.99] [.77, .86] [1.04, 1.11]  [.98,1.09] [1.07,1.19]
t, p (two-tailed) 4.06, <.001 3.84, <.001 0.40, .69 7.69, <.001 2.35,.02 8.16,<.001 4.12,<.001 1.18,.24 4.45, <.001
Cohen’s d 58 .05 .06 1.10 34 1.16 .59 17 .64

Note. [a] O.D. = Observation-based Drawing; I.D. = Imagination-based Drawing; [b] O.D. Error = (O.D. SSR/Model SSR), error values farther away
from 1.00 represent larger errors; [c] M (SD) values of O.D. errors were calculated after collapsing across the drawings of all 4 models; [d] Values of 7, p
and Cohen’s d are based on a single-sample t-tests (df = 48) designed to assess whether the mean O.D. errors significantly differed from a test value of
1.00 (indicative of no error).

observation-based drawings (Study 2) and in upright- and/or side-
ways- oriented drawings (Study 3).

task, each participant also reproduced an upside-down-oriented
model. For these latter drawings, participants were displayed with
an image of the model face rotated 180° from the upright orienta-
tion (see Figure 1 for an example). The display size of the upright

Study 2
y and upside-down model images was identical.
Method Procedure
Participants Participants produced three face drawings in this study. All par-

ticipants first produced an upright-oriented imagination-based face

Sixty-four undergraduates participated in this study. Eight par-  gra\ing following the same set of instructions used in Study 1.

ticipants were excluded from analysis due to either producing an
incomplete drawing of a face in at least one of their drawings and/
or completing at least one of their drawings in less than five
minutes. Thus, the analysis for this Study assessed the drawings of
56 participants (40 females, 16 males; M (SD) age = 20.89 (4.76)
years).

Materials

The materials for Study 2 were generally the same as those used
in Study 1. The only exception to this is that, in addition to repro-
ducing an upright-oriented model in the observation-based drawing

Afterward, participants produced the two observation-based
drawings (one upright and one upside down). Participants were
randomly assigned one of the four face models to base both
drawings on. We also counterbalanced the order of producing
upright and upside-down observational drawings across the
sample.

Participants completed the upright-oriented observation-based
drawing Task following the same instructions used in Study 1.

The instructions and procedure for the upside-down observa-
tion-based drawing Task were identical to those used for the
upright drawing Task with one exception. Participants were
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instructed to produce a drawing of an upside-down face based
on the upside-down model. The instructions emphasized that partic-
ipants should not produce a drawing of an upright-oriented face
based on the upside-down-oriented model. The researchers moni-
tored the participants while they drew to ensure this instruction was
followed.

After all three drawings were completed, participants were
debriefed and their participation concluded.

All three drawings were measured in the same way as the draw-
ings were measured in Study 1 (see the Measures of Drawing Per-
formance subsection in the Method section for Study 1).

Results

Table 3 provides means, standard deviations and 95% confi-
dence intervals pertaining to the distributions of SSR values for
the imagination- and observation-based drawings.

Primary Analyses

The following analyses determined if individual differences in
the depiction of spatial relationships between features in the imagi-
nation-based drawings predicted how they were reproduced in the
two observation-based drawings. We computed the Pearson r

Table 3

correlation coefficients (df = 54) pertaining to the nine SRRs twice,
once for determining the relationship between the imagination- and
upright observation-based drawings and once for determining the
relationship between imagination- and upside-down observation-
based drawings. Table 1 displays the results of these analyses.

When comparing the imagination- and upright observation-
based drawings, 8 of the 9 SRRs were significantly and positively
correlated at the .05 « level. These 8 correlations included all 7 of
the SRRs that were significantly correlated between the imagina-
tion- and upright observation-based drawings produced in Study 1
(namely, eye height, nose height, interocular distance, nose width,
eye-mouth distance, eye-nose distance and nose-mouth distance),
in addition to the mouth height SRR. The correlation coefficients
for these 8 relationships ranged from .291 to .513, reflecting mod-
erately strong relationships. As in Study 1, we did not observe a
significant correlation at the .05 « level between the two types of
drawings with respect to the head shape SRR.

When comparing the imagination- and upside-down observa-
tion-based drawings, four out of the nine SRRs were significantly
and positively correlated at the .05 « level. These four correlations
included the following SRRs: (a) interocular distance, (b) nose-
width, (c) eye-mouth distance, and (d) eye-nose distance. The cor-
relation coefficients for these four relationships ranged from .282

Study 2: Spatial Relation Ratio (SSR) Values of the Four Drawing Models; M, Standard Deviation and 95% Confidence Intervals of the
M of the SRR Values for the Upright and Upside-Down Observation-Based Drawings and the Imagination-Based Drawings

Spatial relation ratios

Models B/A C/A D/A A/E F/E G/E (D-B)/A (C-B)/A (D-C)/A
Model 1 (n=11)
Model Value 46 .68 .81 1.63 25 27 .36 22 13
U.0.D. M (SD) 43 (.05) .67 (.04) .82 (.03) 1.51 (.11) .23 (.05) .22 (.05) .39 (.06) .24 (.04) 15 (.04)
95% CI of U.0.D. Mean [.40, .46] [.65, .69] [.80, .84] [1.45, 1.57] [.20, .26] [.19, .24] [.36, .43] [.22, .26] [.13,.18]
R.O.D. M (SD) 41 (.06) .66 (.04) .81 (.04) 1.52 (.11) .25 (.06) .23 (.04) 40 (.07) .25 (.05) .15 (.03)
95% CI of R.O.D. Mean [.37, .44] [.64, .68] [.79, .83] [1.45, 1.58] [.21, .28] [.20, .25] [.36, .44] [.22, .28] [.13, .17]
1L.D. M (SD) .40 (.06) .65 (.06) .83 (.04) 1.38 (.09) .18 (.06) .18 (.05) 43 (.06) .25 (.04) .18 (.05)
95% CI of I.D. Mean [.37, .43] [.62, .68] [.81, .86] [1.33, 1.44] [.15, .22] [.15, .21] [.40, .47] [.23, .27] [.16, .21]
Model 2 (n = 14)
Model Value 47 .66 .85 1.66 30 .38 .39 19 .19
U.0.D. M (SD) 44 (.05) .66 (.04) .86 (.03) 1.46 (.11) .24 (.05) .32.(.07) 42 (.04) .22 (.03) .20 (.03)
95% CI of U.0.D. Mean [.41, .46] [.64, .68] [.85, .87] [1.40, 1.52] [.21, .26] [.28, .35] [.40, .45] [.21, .24] [.18, .22]
R.O.D. M (SD) 43 (.05) .66 (.05) .86 (.05) 1.51 (.12) .26 (.06) .33 (.08) 43 (.04) .23 (.04) .20 (.03)
95% CI of R.O.D. Mean [.41, .46] [.63, .69] [.83, .88] [1.45, 1.58] [.23, .30] [.29, .37] [.40, .45] [.21, .25] [.18, .21]
1L.D. M (SD) 41 (.07) .64 (.06) .82 (.05) 1.36 (.14) .20 (.06) .19 (.06) 40 (.04) .23 (.03) 17 (.03)
95% CI of I.D. Mean [.38, .45] [.61,.68] [.79, .84] [1.29, 1.43] [.17, .23] [.16, .22] [.38, .43] [.21, .25] [.16, .19]
Model 3 (n=16)
Model Value 46 .66 .83 1.78 .28 31 37 .20 17
U.0.D. M (SD) 44 (.04) .66 (.04) .83 (.03) 1.54 (.12) 22 (.04) .25 (.03) 40 (.04) .22 (.03) .18 (.03)
95% CI of U.0.D. Mean [.41, .46] [.64, .68] [.82, .85] [1.48, 1.60] [.20, .25] [.23, .26] [.38, .42] [.21, .24] [.16,.19]
R.O.D. M (SD) .42 (.06) .66 (.05) .84 (.04) 1.61 (.23) .21 (.06) .26 (.04) 42 (.07) .24.(.04) .18 (.04)
95% CI of R.O.D. Mean [.39, .45] [.63, .68] [.82, .85] [1.50, 1.72] [.18, .24] [.24, .27] [.39, .45] [.22, .26] [.16, .20]
1L.D. M (SD) 40 (.04) .65 (.03) .83 (.03) 1.34 (.13) .19 (.05) .16 (.03) 43 (.04) .25 (.03) .18 (.03)
95% CI of I.D. Mean [.38, .42] [.63, .66] [.82, .85] [1.28, 1.41] [.16, .21] [.14, .17] [.41, .45] [.23, .26] [.17, .20]
Model 4 (n = 15)
Model Value 47 .68 .85 1.54 27 28 .38 21 17
U.0.D. M (SD) 44 (.05) .66 (.05) .85 (.04) 1.41 (.15) .23 (.05) .23 (.03) 41 (.04) .22 (.02) .19 (.03)
95% CI of U.0.D. Mean [.42, .46] [.63, .68] [.83, .87] [1.34, 1.48] [.21,.25] [.22, .25] [.39, .43] [.21, .23] [.18, .21]
R.O.D. M (SD) .42 (.06) .66 (.05) .84 (.03) 1.47 (.11) .22 (.05) .24 (.03) 42 (.05) .24.(.03) 17 (.03)
95% CI of R.0O.D. Mean [.39, .45] [.64, .69] [.82, .85] [1.41, 1.52] [.20, .25] [.22, .26] [.39, .44] [.23, .26] [.16, .19]
1.D. M (SD) .40 (.05) .64 (.07) .82 (.05) 1.37 (.15) .21 (.06) .19 (.07) 42 (.04) .24 (.04) .18 (.05)
95% CI of 1.D. Mean [.37, .43] [.60, .68] [.79, .84] [1.30, 1.45] [.18,.23] [.16,.22] [.40, .44] [.22, .26] [.15, .20]

Note.

U.0.D. = Upright Observation-based Drawing; R.0.D. = Rotated (Upside-down) Observation-based Drawing; I.D. = Imagination-based Drawing.
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to .423, reflecting moderately strong relationships. Unlike what was
observed when comparing the imagination- and upright observation-
based drawings in this study, we did not observe significant correla-
tions at the .05 « level for the following four SRRs: (a) eye height,
(b) nose height, (c) mouth height, and (d) nose-mouth distance,
whose correlation coefficients ranged from -.135 to .254, indicative
of weak-to-no associative strength. As was observed when compar-
ing imagination- and upright observation-based drawings in Studies
1 and 2, we did not observe a significant correlation with respect to
the head shape SRR between the imagination- and upside-down ob-
servation-based drawings.

Since 18 correlation coefficients were assessed in this study, we
utilized the Hochberg Step-Up Method to maintain a familywise
.05 « level. When utilizing this criterion, 4 of the 8§ SRRs that
were observed to be significantly correlated between the imagina-
tion- and upright observation-based drawings at the .05 a-level
remained statistically significant. These 4 SRRs included (a) eye
height, (b) nose width, (c) eye-mouth distance, and (d) nose-mouth
distance, and their correlation coefficients ranged between .412
and .513. The correlations pertaining to the 4 SRRs whose p-val-
ues fell between the Hochberg corrected « level and .05 included
(a) nose-height (p = .03), (b) mouth height (p =.02), (c) interocular
distance (p = .02), and (d) eye-nose distance (p = .01), and their
correlation coefficients ranged between .291 and .336.

Further, when adopting the Hochberg corrected a-levels, 3 of
the 4 SRRs that were observed to be significantly correlated
between the imagination- and upside-down observation-based
drawings at the .05 a-level remained statistically significant.
These 3 SRRs included (a) interocular distance, (b) nose width,
and (c) eye-mouth distance, and their correlation coefficients
ranged between .409 and .423. The only SRR whose correlation
coefficient fell between the Hochberg corrected a-level and .05
was the eye-nose distance relationship (r = .282, p = .04).

Ancillary Analyses

The following ancillary analyses use two different measures of
drawing errors. For the first set of analyses, directional drawing
errors were analyzed (calculated in the same way as in Study 1). For
the second set of analyses, absolute drawing errors were analyzed,
calculated as the absolute value of [1 — Directional Error Value].

The first set of ancillary analyses assessed systematic versus
random directional error biases in the upright and upside-down
observation-based drawings using the same method described for
Study 1. Highlighting results depicted in Table 4, we observed
that the distribution of errors for both types of drawings were sys-
tematically biased, on average, in the direction of drawing (a) the
eyes too high and too close together (B/A & F/E), (b) the nose too
narrow (G/E), (c¢) the head too round (A/E) and (d) the eyes-to-
mouth ([D-B]/A), eyes-to-nose ([C-B]/A) and nose-to-mouth ([D-
CJ/A) vertical distances too long. In contrast, we observed random
directional error biases for both types of drawings with respect to
the nose and mouth height (C/A & D/A).

The second set of ancillary analyses were a series of paired-samples
t-tests that compared the mean absolute drawing errors between the
upright versus upside-down observation-based drawings. Absolute, as
opposed to directional, errors were assessed for this comparison in
order to maintain consistency with prior research on this topic (e.g.,
Ostrofsky, Kozbelt, Cohen, et al., 2016). The results are depicted in

Table 4 Upside-down drawings were significantly less accurate than
the upright drawings with respect to the vertical distances between the
eyes and the mouth and the eyes and the nose ([D-BJ/A & [C-BJ/A).
In contrast, upside-down drawings were significantly more accurate
when drawing the head shape (A/E). Nonsignificant differences in
absolute errors were observed for the drawings of the height of the
eyes, nose and mouth (B/A, C/A & D/A), interocular distance (F/E),
nose-width (G/E) and the vertical distance between the nose and mouth
([D-CJ/A).

Discussion

When assessing the relationship between upright imagination-
and observation-based drawings, we observed that all the spatial
relationships assessed here, except for the head-shape spatial rela-
tionship, were significantly and positively correlated (at a .05
a-level). In comparing these results to those reported in Study 1, a
strong consistency between the results is observed despite differen-
ces between the studies with respect to the Time delay in between
producing the two types of drawings. The only discrepant finding
concerns the drawing of the mouth height, which was found to be
significantly correlated between the two types of upright drawings
in Study 2 but not in Study 1. Thus, this aspect of the results lends
further support to the idea that the relationship pertaining to the
drawings of multiple spatial relationships between upright imagi-
nation- and observation-based drawings is not temporally specific
(at least within a Time range of minutes to 1.5 months).

Of central interest to Study 2 was the assessment of whether the
relationship between these two types of drawings was orientation
specific. We observed mixed evidence concerning this. We found
that individual differences in how the interocular distance, nose-
width, eye-mouth distance and eye-nose distance were depicted in
the upright imagination-based drawings reliably predicted individ-
ual variability in how they were reproduced in the observation-
based drawings at both orientations. However, while the imagina-
tion-based drawings’ depictions of the eye height, nose height,
mouth height and nose-mouth distance reliably predicted how they
were reproduced in the upright observation-based drawings, they
were not correlated with the upside-down drawings with respect to
these spatial relationships.

Thus, the results of Study 2 indicate that the issue of orientation-
specificity as it concerns the predictive relationship between these
two types of drawings is somewhat complex. Inspection of the pat-
tern of correlations in Study 2 does not lend itself to a clear catego-
rization of the predictive relationships between imagination- and
observation-based drawings that are orientation-specific versus
-nonspecific. One possible categorization method relates to the dis-
tinction between the absolute spatial positioning of an individual
feature within the space of a face (e.g., height of the eyes, nose and
mouth) versus the relative spatial distances between two features
(e.g., eye-mouth distance, eye-nose distance, nose-mouth distance,
interocular distance). Distinguishing between absolute versus rela-
tive spatial positioning can largely, but not completely, account for
the distinction between the spatial relationships which were found
to be orientation-specific versus -nonspecific with respect to the
predictive relationship between imagination- and observation-based
drawings. For the most part, individual differences in the imagina-
tion-based drawings depictions of the relative spatial distances
between two features (interocular distance, eye-mouth distance,
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eye-nose distance) reliably predicted individual variability in how
they were reproduced in both the upright and upside-down observa-
tion-based drawings, suggesting a lack of orientation-specificity for
relative spatial relationships. In contrast, individual differences in
the upright imagination-based drawings’ depictions of the absolute
spatial positioning of individual features (heights of the eyes, nose
and mouth) reliably predicted how they were positioned in the
upright, but not upside-down, observation-based drawings, suggest-
ing orientation-specificity for absolute spatial relationships.

However, caveats to these categorizations must be noted. First,
the relative spatial relationship of the nose-mouth distance was
orientation-specific with respect to the relationship between imagi-
nation- and observation-based drawings, where the imagination
drawings of this relationship was reliably correlated in the upright,
but not upside-down, observational drawings.

Second, it is unclear how to categorize the nose-width spatial
relationship within this classification scheme (which did not exhibit
orientation-specificity). On the one hand, if one considers the left
and right sides of the nose as distinct features, then the distance
between them could be considered a relative spatial relationship as
defined above. If one accepts this, then the results observed here
pertaining to the width of the nose would provide additional support
to the claim that relative spatial relationships are not orientation-
specific with respect to the relationship between imagination- and
observation-based drawings. On the other hand, if one considers the
nose to be a single, integrated feature that is not comparable, to say,
the distance between the two eyes, then it seems that this is the one
spatial relationship assessed here that resists falling within the abso-
lute versus relative spatial relationship classification scheme.

Nevertheless, regardless of how one interprets the specific pat-
tern of results observed here, it is clear that there are at least some
spatial relationships depicted in face drawings whose individual
differences are associated between imagination- and observation-
based drawings in a nonorientation-specific manner. Specific to
this study, the results suggest that there are some spatial relation-
ships between facial features represented in long-term memory
that are activated and bias the reproduction of a model in an obser-
vational drawing Task regardless of whether the model is oriented
upright or upside down.

Discussion of the results of the ancillary analyses is found in the
General Discussion section of this article.

Moving ahead, Study 3 utilized a similar method to Study 2,
with the exception that rather than drawing an upside-down-ori-
ented model, participants were asked to draw the model when it
was rotated 90-degrees (oriented sideways). This is an important
follow-up to Study 2 because upright and upside-down faces are
like each other with respect to how the spatial relationships
assessed here are oriented on the vertical and horizontal axes of
the face. For instance, although the position of the eyes and mouth
are reversed in relation to the top and bottom positions, the dis-
tance between them is still vertical in orientation. Additionally, the
spatial relationships of nose width and interocular distance assess
horizontal distances in both upright and upside-down faces. In
Study 3, however, each spatial relationship has been rotated (rela-
tive to the upright orientation) in terms of the vertical and horizon-
tal axes (e.g., the eye-mouth distance becomes a horizontal
distance and the interocular distance becomes a vertical distance
in sideways-orientated models).

Study 3

Method
Participants

Sixty-four undergraduates participated in this study. Ten partici-
pants were excluded from analysis due to either producing an
incomplete drawing of a face in at least one of their drawings and/
or completing at least one drawing in less than five minutes. The
final analysis for this study assessed the drawings of 54 partici-
pants (42 females, 12 males; M (SD) age = 21.06 (3.61) years).

Materials and Procedure

The materials, procedures and measurement methods of Study 3
were almost identical to that of Study 2. The only exceptions to this
are that participants produced observation-based drawings of side-
ways- rather than upside-down-oriented models. For each of the four
model faces, two versions of a sideways-oriented model image were
created: one that was rotated 90 °F from upright in the clockwise
direction and another in the counterclockwise direction (see Figure
1). Participants were randomly assigned to draw either the clockwise
or counterclockwise rotated model. Similar to instructions provided
in Study 2, participants were instructed to produce a sideways-ori-
ented drawing from the sideways-oriented model that was displayed.
Across the sample, the order of creating the upright- and sideways-
oriented observation-based drawings was counterbalanced.

Results

Table 5 provides means, standard deviations and 95% confi-
dence intervals pertaining to the distributions of SSR values for
the imagination- and observation-based drawings.

Primary Analyses

These analyses investigated whether individual variability in
how the spatial relationships between features were depicted in the
imagination-based drawings predicted how they were reproduced
in the upright and sideways observation-based drawings. We com-
puted Pearson r correlation coefficients (df = 52) pertaining to the
nine SRRs twice, once for determining the relationship between
the imagination- and upright observation-based drawings and once
for determining the relationship between imagination- and side-
ways observation-based drawings. Table 1 displays the results of
these analyses.

When comparing the imagination- and upright observation-
based drawings, eight of the nine SRRs assessed in this study were
significantly and positively correlated at a .05 « level. These were
the same 8 SRRs that were significantly correlated at the .05 «
level in Study 2 when the imagination- and upright observation-
based drawings were compared (eye height, nose height, interocu-
lar distance, nose width, eye-mouth distance, eye-nose distance
and nose-mouth distance). The correlation coefficients for these 8
relationships varied from .279 to .491, reflecting weak-to-moder-
ately strong relationships. As was the case in Studies 1 and 2, the
head shape SRR was not significantly correlated at the .05 « level
between these two types of drawings.

When comparing the imagination- and sideways observation-
based drawings, 5 out of the 9 SRRs were significantly and
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Table 5

Study 3: Spatial Relation Ratio (SSR) Values of the Four Drawing Models; M, Standard Deviation and 95% Confidence Intervals of the
M of the SRR Values for the Upright and Sideways Observation-Based Drawings and the Imagination-Based Drawings

Spatial relation ratios

Models B/A C/A D/A A/E F/E G/E (D-B)/A (C-B)/A (D-C)/A
Model 1 (n=15)
Model Value 46 .68 81 1.63 25 27 .36 22 13
U.0.D. M (SD) 43 (.04) .66 (.05) .81 (.05) 1.45 (.12) .24 (.05) .23 (.04) .37 (.03) 22 (.03) 15 (.02)
95% CI of U.0.D. Mean [.41, .46] [.63, .69] [.78, .84] [1.38, 1.52] [.21,.27] [.21, .25] [.36, .39] [.21, .24] [.14, .16]
R.O.D. M (SD) 43 (.04) .66 (.04) .82 (.04) 1.55 (.15) .23 (.05) .24 (.04) .39 (.04) .23 (.03) .16 (.04)
95% CI of R.O.D. Mean [.41, 45] [.64, .68] [.80, .84] [1.47, 1.64] [.21, .26] [.22,.27] [.36, .41] [.21, .25] [.14, .18]
1LD. M (SD) 42 (.06) .64 (.06) .82 (.04) 1.37 (.18) .20 (.04) .19 (.06) 40 (.08) 21 (.05) .18 (.06)
95% CI of 1.D. Mean [.39, .46] [.60, .67] [.80, .84] [1.26, 1.47] [.18,.23] [.16, .23] [.35, .44] [.19, .24] [.15,.22]
Model 2 (n =15)
Model Value 47 .66 .85 1.66 .30 .38 .39 .19 .19
U.0.D. M (SD) 41 (.04) .63 (.04) .84 (.03) 1.48 (.10) .25 (.05) .32 (.06) 43 (.04) 22 (.04) 21 (.03)
95% CI of U.0.D. Mean [.39, .44] [.61, .66] [.82, .86] [1.43, 1.53] [.22,.28] [.29, .35] [.41, .45] [.20, .24] [.19,.22]
R.O.D. M (SD) 45 (.04) .66 (.03) .85 (.03) 1.49 (.13) .24 (.05) .29 (.07) 40 (.05) 21 (.05) .19 (.04)
95% CI of R.O.D. Mean [.43, 48] [.64, .68] [.83, .87] [1.42, 1.56] [.22,.27] [.25, .33] [.37, .43] [.18,.23] [.17,.21]
1LD. M (SD) .40 (.06) .62 (.05) .82 (.04) 1.34 (.13) .21 (.06) 17 (.06) 42 (.06) 23 (.04) .20 (.05)
95% CI of 1.D. Mean [.36, .43] [.59, .65] [.80, .84] [1.34, 1.41] [.17,.24] [.14, .20] [.39, .46] [.21, .25] [.17,.22]
Model 3 (n=12)
Model Value 46 .66 .83 1.78 28 31 .37 .20 17
U.0.D. M (SD) 41 (.05) .64 (.05) .82 (.04) 1.62 (.07) .25 (.05) .27 (.03) 41 (.05) .23 (.03) .18 (.03)
95% CI of U.0.D. Mean [.38, .44] [.61, .67] [.80, .84] [1.58, 1.67] [.22,.28] [.25, .29] [.38, .44] [.21, .25] [.16,.20]
R.O0.D. M (SD) 42 (.04) .64 (.04) .82 (.03) 1.62 (.12) .22 (.06) .28 (.05) 40 (.04) 22 (.04) .18 (.03)
95% CI of R.O.D. Mean [.40, .45] [.62, .67] [.80, .84] [1.54, 1.70] [.18,.26] [.24, .31] [.37, .43] [.19, .24] [.16,.20]
1.D. M (SD) 40 (.07) .65 (.04) .83 (.03) 1.34 (.16) .20 (.05) .19 (.04) 43 (.06) .25 (.03) .18 (.04)
95% CI of .D. Mean [.36, .45] [.63, .68] [.81, .85] [1.24, 1.44] [.17,.24] [.16,.22] [.39, .47] [.23, .27] [.16,.20]
Model 4 (n = 12)
Model Value 47 .68 .85 1.54 27 28 .38 21 17
U.0.D. M (SD) 43 (.05) .65 (.04) .82 (.04) 1.44 (.13) .23 (.03) .27 (.03) .39 (.04) 23 (.04) 17 (.03)
95% CI of U.0.D. Mean [.40, .46] [.63, .68] [.79, .85] [1.36, 1.53] [.21,.25] [.25, .28] [.37, .42] [.20, .25] [.15,.18]
R.O.D. M (SD) 44 (.06) .67 (.04) .85 (.03) 1.48 (.11) 22 (.04) .24 (.05) 41 (.05) .24 (.05) 17 (.03)
95% CI of R.O.D. Mean [.40, .47] [.64, .70] [.83, .86] [1.41, 1.56] [.19, .24] [.21,.27] [.38, .44] [.21, .27] [.15,.19]
1.D. M (SD) 40 (.07) .64 (.06) .80 (.06) 1.36 (.10) .20 (.03) .21 (.05) 40 (.05) 24 (.04) .16 (.03)
95% CI of 1.D. Mean [.35, .44] [.60, .68] [.76, .83] [1.30, 1.43] [.18,.22] [.18,.23] [.37, .43] [.21, .27] [.14, .18]

Note.

positively correlated at the .05 « level. These included the same 4
SRRs that were significantly correlated at the .05 « level when
imagination- and upside-down observation-based drawings were
compared in Study 2 (interocular distance, nose-width, eye-mouth
distance and eye-nose distance), in addition to the eye height SRR.
The correlation coefficients for these 5 relationships varied from
.289 to .422, reflecting moderately strong relationships. Unlike the
significant correlations observed when comparing the imagination-
to the upright observation-based drawings in this study, the nose
height, mouth height and nose-mouth distance SRRs were not signif-
icantly correlated at the .05 « level between the imagination- and
sideways observation-based drawings, and the correlation coeffi-
cients for these 3 relationships ranged from .084 to .270, indicating
weak-to-absent associative strength. Additionally, and like every
analysis performed thus far involving this SRR, head shape was not
significantly correlated at the .05 « level between these two types of
drawings.

As with the prior two studies, we reassessed the significance
tests using Hochberg Step-Up corrected « levels. With respect to
the comparison of the imagination- and upright observation-based
drawings, 6 out of the 8 SRRs that were significantly correlated at
the .05 « level remained statistically significant at the Hochberg
corrected « level. These included the eye height, nose height,

U.0.D. = Upright Observation-based Drawing; R.O.D. = Rotated (Side-Ways) Observation-based Drawing; I.D. = Imagination-based Drawing.

mouth height, eye-mouth distance, eye-nose distance and nose-
mouth distance SRRs, and their correlation coefficients ranged
from .362 to .486. The two SRRs whose p-values fell between the
Hochberg corrected « level and .05 included the interocular dis-
tance and nose-width SRRs, whose coefficient values were .279
(p =.04) and .290 (p = .03), respectively.

When adopting the corrected a-levels with respect to the signifi-
cance tests relevant to the comparison of the imagination- and
sideways observation-based drawings, only 1 of the 5 SRRs that
were significant at the .05 a-level remained statistically significant
at the corrected a level. This was the eye-mouth distance SRR,
and its correlation coefficient equaled .422. The four SRRs whose
p-values fell between the Hochberg corrected « level and .05 were
the eye height (p = .03), interocular distance (p = .008), nose width
(p = .008) and eye-nose distance (p = .02) SRRs, and their correla-
tion coefficients ranged from .289 to .358.

Ancillary Analyses

First, we assessed systematic versus random directional draw-
ing error biases in the upright and sideways observation-based
drawings following the method of Studies 1 and 2. Based on
results depicted in Table 6, we observed that the distribution of
errors for both types of drawings were systematically biased, on
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average, in the direction of drawing (a) the eyes too high and too
close together (B/A & F/E), (b) the nose too narrow (G/E), (c) the
head too round (A/E) and (d) the vertical distances between the
eyes-to-mouth ([D-BJ/A), eyes-to-nose ([C-B]/A) and nose-to-
mouth ([D-CJ/A) too long. In the upright but not sideways draw-
ings, the distribution of errors were systematically biased in the
direction of drawing the nose and mouth too high (C/A & D/A;
error biases were random in direction for the sideways drawings).

Next, we tested for differences in absolute drawing errors
between the upright versus sideways drawings using the same
method of analysis described in Study 2 when comparing errors
between the upright versus upside-down drawings. The results
found in Table 6 indicate that sideways drawings were signifi-
cantly more accurate in reproducing the height of the eyes (B/A).
In contrast, sideways drawings were significantly less accurate in
reproducing the width of the nose (G/E). Absolute drawing errors
did not significantly differ between the two types of drawings with
respect to height of the nose and mouth (C/A & D/A), the shape of
the head (A/E), the interocular distance (F/E), and vertical distances
between the eyes and mouth ([D-BJ/A), eyes and nose ([C-BJ/A)
and nose and mouth ([D-CJ/A).

Discussion

First, when assessing the correlations between the upright imag-
ination- and observation-based drawings in Study 3, we observed
consistency in how these upright drawings were correlated in
Studies 1 and 2. Namely, we observed that individual differences
in how the imagination-based drawings depicted the eye height,
nose height, interocular distance, nose width, eye-mouth distance,
eye-nose distance and nose-mouth distance reliably predicted how
they were reproduced in the upright observation-based drawings.
Additionally, as in Study 2 (but not in Study 1), the mouth height
was significantly correlated for upright imagination- and observation-
based drawings. Further, across all three studies, we did not observe
a significant correlation between the two types of upright drawings
with respect to the shape of the head. Overall, the strong consistency
observed for these correlations pertaining to these drawings suggests
that the predictive relationships between upright imagination- and ob-
servation-based drawings are generally stable across different sam-
ples and is not temporally-specific to short- or long-delays between
the production of the two types of drawings.

Next, when assessing the predictive relationship between upright
imagination-based drawings and sideways observation-based draw-
ings, the pattern of correlations observed was very similar to that
observed in Study 2 when assessing the relationship between upright
imagination-based drawings and upside-down observation-based
drawings. Across Studies 2 and 3, individual differences in how the
upright imagination-based drawings depicted the interocular distance,
nose width, eye-mouth distance and eye-nose distance reliably pre-
dicted individual variability in how they were reproduced in the
observational drawings of both types of rotated models. Further, in
both studies, how the imagination-based drawings depicted the nose
height, mouth height and nose-mouth distance did not reliably predict
how they were reproduced in the two rotated observation-based
drawings. The only discrepancy in the results of the significance tests
was the observation in Study 3 that the imagination-based drawings’
depictions of eye height was significantly correlated with how eye
height was reproduced in the sideways, but not upside-down,

observational drawings. However, it is important to note that there
was a minimal difference between the correlation coefficients that
quantified how imagination-based drawings were related to the side-
ways observational drawings (r = .289, p = .03) and the upside-down
observational drawings (r = 254, p = .06) pertaining to this SSR.
Thus, the results pertaining to how the imagination-based drawings
of eye height were related to subsequent reproductions in the two
rotated observational drawing tasks were generally consistent, at least
when evaluated based on correlation coefficients as opposed to the
results of the significance tests.

This general consistency between the results of Studies 2 and 3
demonstrates that the nonorientation-specific relationships between
the imagination- and upside-down observation-based drawings per-
taining to interocular distance, nose width, eye-mouth distance and
eye-nose distance were not observed due to the fact that both
upright and upside-down faces do not differ from each other in
terms of the vertical versus horizontal directions of the spatial rela-
tionships assessed in these studies. This provides stronger evidence
in favor of the notion that, at least with respect to these four SSRs,
the predictive relationship between imagination- and observation-
based drawings is not orientation-specific.

As in Study 2, the results indicate that the relationship between
imagination- and observation-based drawings is orientation-spe-
cific for some spatial relationships but not for others. As in the Dis-
cussion of Study 2, we may utilize an absolute versus relative
spatial relationship framework to distinguish between the spatial
relationships that are orientation-specific versus -nonspecific with
respect to their predictive relationships between these two types of
drawings. Since the results of Study 3 pertaining to the sideways
drawings were so similar to the results of Study 2 pertaining to the
upside-down drawings, we will not reiterate that discussion here.
However, it is important to note the finding that the depicted eye-
height was significantly correlated between imagination- and side-
ways observation-drawings, which may be inconsistent with the
idea that the relationship between imagination- and observation-
based drawings is orientation-specific for absolute spatial relation-
ships but not for relative spatial relationships. Despite this apparent
inconsistency, support for this idea may still be provided by the
finding that the correlations between imagination- and observation-
based drawings pertaining to the eye height were stronger when
the orientation of the two types of drawings were both upright than
when they were mismatched in orientation (r values of .412 vs.
.254 in Study 2 and .479 vs. .289 in Study 3). Thus, if one adopts a
continuous, rather than dichotomous, perspective of the concept of
orientation-specificity, one may conclude that the associative rela-
tionship between imagination- and observation-based drawings
with respect to eye height is more orientation-specific than the
associative relationship between the two types of drawings with
respect to the relative spatial relationships assessed in this study.

Discussion of the results of the ancillary analyses is found in the
General Discussion section of this article.

General Discussion

Primary Analyses

In Studies 1-3, the finding that the depiction of many spatial
relationships within a face are positively correlated between
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upright imagination- and observation-based drawings regardless of
there being a months- versus minutes-long delay in the production
of the two types of drawings indicates that long-term memory is
the basis of the predictive relationship between these two types of
drawings. Further, in Studies 2 and 3, we found that there were a
set of spatial relationships (e.g., interocular distance, nose width,
eye-mouth distance and eye-nose distance) that were positively
correlated between upright imagination-based drawings and obser-
vation-based drawings that reproduced both upright and rotated
models. This demonstrates that, at least for these four spatial rela-
tionships, the predictive relationship between these two types of
drawings is not dependent on the two types of drawings being
matched in orientation.

In sum, we interpret these findings to suggest that when individ-
uals attempt to reproduce a model in an observational drawing
task, a stable long-term memory representing how to depict the
spatial relationships between features in a face is activated and
partially biases, in addition to the perceptual processing of visual
information found in the model, how those spatial relationships
are reproduced in the drawings. This may provide a partial expla-
nation of the individual variability that is found in the ultimate
appearance of observational drawings. We assume, based on the
individual differences in the appearance of the imagination-based
drawings, that the long-term memories representing how to draw a
face are idiosyncratic. Thus, individual differences in the depic-
tions of spatial relationships in observation-based drawings may
be partially based on individual differences in how these spatial
relationships are represented in long-term memory. However, de-
spite this evidence that suggests a role of some type of long-term
memory process in the production of observational drawings, it is
presently unclear what exactly is represented in such long-term
memories. Such memory representations could contain perceptual,
spatial (either categorical or metric), procedural, motor and/or de-
clarative knowledge information. Presently, the methods of the
studies conducted to date on this topic do not provide information
that would allow one to characterize the nature of the long-term
memories relevant to the relationships that were assessed here.

Moving along, we next discuss multiple limitations of the
current studies. First, the predictive relationships between imag-
ination- and observation-based drawings were only assessed in
the current and prior studies (Harrison et al., 2017; Matthews &
Adams, 2008; Ostrofsky et al., 2015), with respect to spatial
aspects of drawing. This narrow focus on the depiction of spatial
relationships does not reflect a presumption on our part that spatial
relationships are a special aspect of drawing when considering the
predictive relationship between these two types of drawings. There
are many other aspects of drawing (e.g., how individual features
are depicted independent of spatial positioning and shading pat-
terns) that may just as well have representations in long-term mem-
ory that are activated and bias the production of observation-based
drawings. However, the reason for this narrow focus is because
spatial relationships between features, unlike nonspatial aspects of
drawing, are capable of being easily measured using quantitative
variables (e.g., spatial relation ratios) that can be subjected to cor-
relational analysis. Thus, it is presently unclear as to whether the
predictive relationship between these two types of drawings extend
to nonspatial aspects of drawing, and consequently, it is presently
unclear as to whether there are representations in long-term

memory concerning nonspatial aspects of drawing that are acti-
vated and ultimately bias the production of observational
drawings.

A second limitation, relevant to Study 1, concerns our inability to
control the experiences of subjects during the 1.Five-month delay
period between the production of the imagination- and observation-
based drawings. It cannot be ruled out that some participants pro-
duced imagination-based face drawings immediately before they
returned to the lab to produce the observation-based drawing. If
most participants did this, then that would potentially limit our abil-
ity to conclude that the correlations between the two types of draw-
ings were mediated by a long-term memory process. Although
there is no way to know for sure, we suspect that most participants
did not produce a drawing of a face immediately before returning to
the lab to produce their observation-based drawing. However, even
assuming that they did, the fact that the observation-based drawings
were correlated in appearance with the imagination-based drawings
produced in the lab 1.5 months earlier still suggest an influence of
stable long-term graphic memories in the production of observa-
tion-based drawings. For instance, if the observation-based draw-
ings were more biased by the production of an imagination-
based drawing produced immediately before they returned to the
lab (as opposed to the one produced in the lab during the first
session), the fact that the observation-based drawings were still
correlated with the appearance of the imagination-based draw-
ings produced 1.5 months earlier would suggest that the produc-
tion of imagination-based face drawings are guided by a stable,
long-term graphic memory that does not change much over a 1.5
month Time period (as opposed to an unstable memory process
that varies within a 1.5 month Time period). Thus, although it
would have been ideal if participants were prevented from creat-
ing any face drawings during the 1.5 month delay, this was not
practical (although, an improvement to the method of Study 1
would have been to use a survey to assess whether they did or
not). Further, based on the reasoning described above, we do not
believe this to be a limitation that raises major doubt over the
main conclusions we have drawn from the results of Study 1.

Another limitation to this study is that the sample was com-
posed of mostly, if not all, untrained novices who were not partic-
ularly skilled in face drawing'. Thus, we are not able to evaluate
how well these findings generalize to expert populations of artists
who are skilled in drawing. Future research aiming to determine
whether the predictive relationship between imagination- and ob-
servation-based drawings generalizes to those skilled in drawing
could help to inform expertise-related theories of drawing per-
formance. Matthews and Adams (2008) titled their article that
originally reported the predictive relationship between these two
types of drawings, “Another reason why adults find it hard to
draw accurately,” and wrote in their article, “. . . it seems that part
of the reason why adults struggle to produce accurate drawings is
because they are biased toward using certain proportions which
are specific to the individual and independent of both the appear-
ance of the object in front of them and their knowledge of that
object,” (p. 630). This reflects a perspective that the influence of
long-term memory representations is primarily a source of error

1Identifying participants as mostly untrained novices is speculative,
though informal inspection of the drawings suggested a low general level
of drawing skill.
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when individuals produce an observational drawing. Conse-
quently, this perspective further assumes that skilled observatio-
nal drawing is achieved by an individual suppressing the
activation of long-term memories that represent how to draw an
object so that the drawing is guided more strongly, if not exclu-
sively, by the visual information apparent in the model. This
theory would predict that, for a sample of expert artists skilled in
drawing, there would not be an associative relationship between
how spatial relationships are depicted between imagination- and
observation-based drawings.

However, schema theories of drawing expertise (Gombrich,
1960; Kozbelt & Seeley, 2007) have provided an alternative per-
spective. In this view, the development of drawing expertise coin-
cides with the development of increasingly more accurate and
sophisticated long-term memories that represent the appearance,
form and spatial proportions inherent in commonly drawn objects
and features. An application of this perspective is reflected by art
educators’ common use of “how-to” drawing manuals, many of
which provide art-students explicit, declarative knowledge pertain-
ing to canonical proportions among features within objects (e.g.,
the eyes are positioned approximately half-way down the head;
the human body is approximately 7.5 heads tall, etc.), visual cues
to use to effectively convey three-dimensional form (e.g., shading,
appropriate use of line junctions), and sequential strategies that
provide step-by-step procedures for how to draw common objects.
This schema theory of drawing expertise generally argues that the
difference between novice and expert drawers is not related to the
influence versus Noninfluence of activated long-term memories
during observational drawing production, but rather, the influence
of nonsophisticated, inaccurate long-term memory representations
in novices (leading to low-quality observational drawings) versus
more sophisticated and accurate long-term memory representa-
tions in experts (leading to higher quality observational drawings).
If this perspective provides an accurate account of drawing exper-
tise, then one would hypothesize no difference between experts
and novices with respect to the existence of predictive relation-
ships between the appearance of imagination- and observation-
based drawings.

A third possible account of expertise in drawing relating to this
issue may involve what could be considered to be an integration of
the two perspectives described above. Gombrich (1960) offered a
“making before matching” perspective to drawing expertise. Here,
expert artists begin their depictions of an object by first utilizing,
at least partially, their long-term memories of how to draw an
object to initially depict the model being reproduced (“making”).
Once an initial memory-biased depiction of the object is conveyed,
experts engage in an error-correction process (“matching”) that
adjusts the initial, inaccurate depiction to better match the visual
appearance of the model being reproduced. Adopting this view,
one may argue that the difference between experts and novices in
drawing ability is not due to experts totally suppressing the influ-
ence of long-term memory on drawing performance but is instead
due to a difference between experts and novices in a later error-
correction process. It may be that experts are more likely to accu-
rately correct any errors initially made due to the influence of
long-term memory biases whereas novices do not engage in (or do
so in a less accurate manner) a process of correcting for any long-
term memory biases.

Ancillary Analyses

Across all three studies, we assessed whether errors in reproduc-
ing the spatial relationships between features were directionally bi-
ased in a systematic or random manner. We observed in upright,
upside-down and sideways drawings systematic directional biases
to draw the eyes too high and too close together, the head too
round, the nose too narrow, and the vertical distances between the
eyes and mouth, eyes and nose and nose and mouth to be too long.
Although not all of these relationships were assessed in prior stud-
ies (Ostrofsky et al., 2014; Ostrofsky et al., 2015); these results
were consistent with prior findings of systematic directional error
biases to reproduce the eyes too high, the head too round and the
nose too narrow in upright face drawings. However, one prior
finding of the eyes being drawn too far apart (Ostrofsky et al.,
2014) was inconsistent with the results of the current study, and
one prior finding of the mouth being drawn too high (Ostrofsky et
al., 2014) was only replicated in the upright drawings of Study 3
(the remaining drawings in Studies 1-3 observed random direc-
tional error biases for the reproduction of the mouth height). The
current studies add to the literature on this specific topic by uncov-
ering, for the first time, systematic biases in (a) drawing the vertical
distances between the eyes and mouth, eyes and nose and nose and
mouth in upright drawings and (b) in the reproduction of these spa-
tial relationships in upside-down and sideways observation-based
drawings. Based on prior research that demonstrated a similarity in
these types of systematic directional biases between imagination-
and observation-based drawings (Ostrofsky et al., 2015), one may
speculate that these types of observational drawing biases are pres-
ent due to these biases being represented within the long-term mem-
ories that are relevant to the current studies.

In Studies 2 and 3, we assessed differences in absolute drawing
errors between upright and upside-down drawings in the attempt
to replicate prior findings (Day & Davidenko, 2018; Ostrofsky,
Kozbelt, Cohen, et al., 2016; Viviani & Bruno, 2017); and for the
first time, between upright and sideways drawings. With respect to
the comparison of upright and upside-down observation-based
drawings, we replicated in Study 2 the prior finding that reproduc-
tions of the eye-mouth distance were less accurate in upside-down
drawings relative to upright drawings, and that there were no sig-
nificant differences between these two types of drawings with
respect to errors in reproducing the nose-mouth distance and the
interocular distance (Ostrofsky, Kozbelt, Cohen, et al., 2016).
Study 2 adds to our knowledge on the effect of face inversion on
drawing errors by demonstrating nonsignificant differences in
errors between the two types of drawings with respect to the repro-
ductions of the heights of the eyes, nose and mouth, the nose width
and the nose-mouth distance (these spatial relationships were not
assessed in prior studies on this topic). Another novel finding is
the first demonstration, as far as we are aware, of a spatial relation-
ship (specifically, head-roundness) that is drawn more accurately
in upside-down, relative to upright, drawings (once again, this spa-
tial relationship was not assessed in prior studies on this topic).

The comparison of errors between upright and sideways draw-
ings in Study 3 is a comparison with no precedent in the literature.
Here, we observed that the effects of rotating a model face sideways
does not produce the same pattern of effects that rotating a model face
upside down does. Unlike the pattern of effects observed in Study 2,
we observed that the only effects of rotating the model sideways
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(relative to upright) was larger errors in reproducing the nose-width
and smaller errors in reproducing the eye height.

Due to the posthoc nature of many of these ancillary analyses,
we will not discuss the results of these ancillary analyses any fur-
ther, saving for the suggestion that some of the interesting discrep-
ancies with prior findings and novel findings reported here should
be pursued and discussed in future research.

Conclusion

The results of the current study add to the body of evidence that
individual differences in observational drawing performance are not
only associated with individual variability in the perceptual, atten-
tional and decision-making processes that occur during the act of
drawing. In addition to findings that the production of observational
drawings is biased by declarative knowledge acquired before a model
is viewed and drawn (Ostrofsky, Kozbelt, Cohen, et al., 2016) and by
verbal descriptions of what model object represents (Ostrofsky et al.,
2017), the results of the current sideways generally suggest that long-
term memories acquired and processed before the act of drawing is
initiated partially biases the production of observational drawings. In
applying these findings to art-education, it seems important that
instruction is not only targeted to developing students’ perceptual,
attentional and decision-making skills, but is also targeted to develop-
ing more sophisticated and accurate long-term memories about the
form and proportions of objects which individuals commonly draw.
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