


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



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



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:

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

• 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.

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

• 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.



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



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

Study 2

Method

Participants

Sixty-four undergraduates participated in this study. Eight par-
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

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
and upside-down model images was identical.

Procedure

Participants produced three face drawings in this study. All par-
ticipants first produced an upright-oriented imagination-based face
drawing following the same set of instructions used in Study 1.

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

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

Models

Spatial relation ratios (SSRs)

B/a C/a 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
O.D. M (SD) 0.45 (.06) 0.67 (.04) 0.83 (.02) 1.50 (.17) 0.24 (.05) 0.23 (.03) 0.38 (.05) 0.22 (.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]
I.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 .47 .66 .85 1.66 .30 .38 .39 .19 .19
O.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, .66] [.82, .86] [1.40, 1.58] [.18, .29] [.23, .32] [.39, .44] [.19, .24] [.19, .22]
I.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
O.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]
I.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 .47 .68 .85 1.54 .27 .28 .38 .21 .17
O.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, .66] [.83, .87] [1.32, 1.48] [.20, .29] [.22, .26] [.37, .44] [.18, .23] [.18, .22]
I.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



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



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 a 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-
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eye-nose distance) reliably predicted individual variability in how



positively correlated at the .05 a level. These included the same 4
SRRs that were significantly correlated at the .05 a level when
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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-B]/A), eyes-to-nose ([C-B]/A) and nose-to-
mouth ([D-C]/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-B]/A), eyes and nose ([C-B]/A)
and nose and mouth ([D-C]/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 signifi







(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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