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Abstract
Previous research has demonstrated that those more skilled in drawing tend to exhibit stronger local 
perceptual processing biases than those less skilled in drawing. However, due to the correlational 
nature of this research, it is unclear whether drawing performance is facilitated by biasing perception 
towards local visual information. In order to investigate this, we conducted an experiment where 
participants drew an aligned face or a horizontally-misaligned face. Previous perceptual research has 
demonstrated that aligned faces are processed holistically, whereas misaligned faces are processed 
locally. Thus, drawings of aligned faces are assumed to be guided by holistic processing, whereas 
drawings of misaligned faces are assumed to be guided by local processing. Drawings were objec-
tively measured according to the relative spatial positioning of facial features. Relative to drawings 
of aligned faces, the accuracy of misaligned face drawings was either impaired (for drawings of the 
distance between the eyes and mouth) or was not affected (for drawings of the interocular distance, 
the distance between the nose and mouth, and the distance between the eyes and eyebrows). This 
pattern of drawing errors mirrored the effects of face inversion that has previously been reported, 
another manipulation that is thought to disrupt holistic processing. At least with respect to drawing 
the relative spatial positioning of facial features, we did not observe any evidence that supports the 
notion that biasing perceptual processing towards local visual information directly facilitates drawing 
performance.
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1. � The Effects of Disrupting Holistic Processing on the Ability to Draw 
a Face

Observational drawing is the activity of attempting to draw a recognizable 
reproduction of a model object that is directly perceived by the individual 
producing the drawing. Substantial individual variability exists with respect to 
adults’ ability to produce high quality drawings of this type, and much research 
has been dedicated to understanding the cognitive processes that directly in-
fluence and/or are associated with this variability (Chamberlain and Wage-
mans, 2016). Because observational drawing begins with visually perceiving 
the model to be drawn, many researchers have generally focused on individual 
variability in perceptual processing as a source of variability in observational 
drawing ability (e.g., Cohen, 2005; Cohen and Jones, 2008; Mitchell et al., 
2005; Ostrofsky et al., 2012, 2015; Perdreau and Cavanagh, 2011).

A specific line of questioning that has come out of this area of research con-
cerns how observational drawing ability is associated with differences in local 
vs global visual processing (e.g., Chamberlain et al., 2013; Chamberlain and 
Wagemans, 2015; Drake, 2013; Drake and Winner 2011; Drake et al., 2010; 
Zhou et al., 2012). Local vs global visual processing refers to the distinction 
between individuals’ ability to perceive and attend to, respectively, the iso-
lated individual features that are contained in an object vs the singular holistic 
form of an object.

Collectively, the research referenced in the previous paragraph has sug-
gested that stronger observational drawing ability is associated with a stronger 
ability to perceive and attend to local visual information and/or a stronger abil-
ity to suppress perceptual processing towards global visual information. For 
instance, three studies published by Drake and her colleagues reported that 
neurotypical children (Drake, 2013; Drake et al., 2010) and adults (Drake and 
Winner, 2011) capable of producing higher-quality observational drawings 
exhibited a stronger local processing bias than those who produced lower-
quality observational drawings. The strength of local visual processing was 
assessed in these studies by performance in two non-drawing perceptual tasks: 
(a) a modified version of the Wechsler Intelligence Test’s Block Design Task 
and (b) the Group Embedded Figure Test.

Zhou and colleagues (2012) provided converging evidence that drawing 
ability is associated with local processing biases. Here, art students with ex-
tensive experience in drawing faces were compared to non-art students with 
respect to their performance on a composite-face task that assessed holistic 
processing. The composite-face task (for a review, see Rossion, 2013) is a per-
ceptual recognition task that requires participants to compare two sequentially 
presented faces and make a judgment as to whether a target feature is the same 
or different between the two faces. Further, the face stimuli are combinations 
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of the top and bottom halves of various faces. Participants are asked to only 
attend to the top-half of the faces (the target feature) and make a judgment as 
to whether the top-half of the face is the same or different between the first and 
second face displayed in each pair. The key manipulation in this task concerns 
only the trials in which the top-halves of the faces are the same: in some trials, 
the bottom halves of the two faces in a pair are the same (or, the two faces in 
a pair are completely identical) whereas in other trials the bottom halves of 
the two paired faces differ. A common result in this task is that participants 
are less accurate in judging that the top halves of faces in a pair are the same 
when the bottom halves differ than when the bottom halves are the same. This 
finding has been termed by some as the holistic processing effect, as it dem-
onstrates that faces are normally recognized as a singular global percept more 
so than a collection of isolated, local features. The holistic processing effect 
generally disappears when: (a) the top and bottom halves of the faces are hori-
zontally misaligned and (b) when the faces are presented upside-down. These 
two observations suggest that holistic face processing is disrupted by perceiv-
ing faces that are displayed in an unnatural, non-canonical fashion.

Zhou and colleagues (2012) reported two key findings. First, while both 
art students and non-art students displayed the holistic processing effect when 
the top and bottom halves of the faces were aligned, art students exhibited this 
effect to a significantly weaker degree than non-art students. Second, when 
the top and bottom halves of the faces were horizontally misaligned, the ho-
listic processing effect disappeared, and there was no significant difference in 
performance between the art students and non-art students. Converging with 
the findings reported by Drake and her colleagues, these findings suggest that 
greater drawing skill is associated with a stronger ability to attend to local vi-
sual information and/or a stronger ability to suppress attention towards global 
information.

In assessing the claim that greater drawing skill is associated with local 
visual processing biases, it is worth highlighting two main limitations of the 
studies summarized above. First, the non-drawing perceptual tasks (Block 
Design Task, Group Embedded Figures Test, Composite Face Task) demand 
for accurate performance that participants selectively attend to the local vi-
sual information and ignore the global visual information. Thus, it is unclear 
from these studies whether those more skilled in drawing experience a lo-
cal processing bias in general (or, that they generally prioritize attention to-
wards local over global information) or only in cases when the specific task 
that is being performed requires the suppression of attention towards global 
visual information (or, that they generally prioritize attention towards task-
relevant information over task-irrelevant information). If the latter, then one 
may re-interpret these findings to suggest that the local processing bias as-
sociated with greater drawing skill simply reflects a more general advantage 
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in perception and/or attention for those with greater drawing skill relative to 
those with weaker drawing skill (Kozbelt, 2001, 2017). In support of this lat-
ter possibility, Chamberlain and Wagemans (2015) reported that those with 
stronger drawing skill were better able to switch attention between global and 
local visual information according to task demands. This suggests that greater 
drawing skill is associated with a stronger ability to deploy attention to task-
relevant information rather than a general bias to attend to local over global 
visual information.

Second, the relationships between drawing skill and local processing biases 
have been mostly observed in correlational studies assessing the relationship 
between drawing skill and performance in non-drawing perceptual judgment 
tasks. What has not been researched well is how, or even if, drawing perfor-
mance itself is affected by reduced global processing and/or stronger local 
processing. It could be that drawing performance generally benefits from the 
selective deployment of attention towards local visual information and away 
from global visual information. In contrast, and more in line with what is 
suggested by Chamberlain and Wagemans (2015), it could be that drawing 
performance is facilitated by reduced holistic processing only when an indi-
vidual is focusing on drawing a local aspect of the model object (e.g., drawing 
the details of a small part of a larger object face such as a single eye within a 
face) but is not facilitated by reduced holistic processing when an individual is 
focusing on drawing a global aspect of the drawing (e.g., drawing the relative 
spatial positioning of two or more features contained within an object such as 
the vertical distance between the eyes and mouth in a face).

One way this discrepancy can be resolved is to conduct experimental studies 
that manipulate the presence vs absence of global, holistic processing towards 
a model object and determine how that affects individuals’ ability to draw the 
model. Here, face inversion-based perceptual and drawing experiments are 
informative, as we have mentioned earlier that face inversion disrupts holis-
tic, global processing of faces. With respect to faces, accurate perception of 
the spatial relationships between features (e.g., the vertical distance between 
the eyes and mouth) is strongly supported by holistic processing. An illustra-
tive example comes from a study reported by Freire and co-workers (2000). 
Here, individuals were observed to be able to accurately discriminate two up-
right faces as being different when they only differed with respect to the verti-
cal distance between the eyes and mouth and the horizontal distance between 
the two eyes. When the faces were presented upside down, however, individu-
als lost their ability to successfully make these discriminations. In contrast, 
individuals were able to accurately discriminate two faces, when presented 
both upright and upside down, when the two faces only differed with respect to 
individual features (e.g., when the two faces only differed with respect to the 
appearance of the eyes, nose and/or mouth). In addition to the same/different 
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discrimination task used in this study, similar results have been observed us-
ing different perceptual tasks (e.g., the use distinctiveness ratings by Leder 
and Bruce, 1998). Collectively, these findings suggest that disrupting global, 
holistic processing impairs individuals in their ability to accurately perceive 
the spatial relationships between facial features, but has no effect with respect 
to the perception of the individual features themselves.

If drawing performance generally benefits from selective attention towards 
local visual information and away from global visual information, one would 
predict that individuals would be able to produce more accurate face drawings 
when the face model is upside down compared to when it is upright since 
global, holistic processing is disrupted by face inversion. Prior research has 
demonstrated, however, that this is not the case (Cohen and Earls, 2010; Day 
and Davidenko, 2018; Ostrofsky et al., 2016). Cohen and Earls (2010) dem-
onstrated that the effects of face inversion on drawing performance mirrored 
the perceptual effects (or, lack thereof) discussed above. Namely, individu-
als were perceived by independent judges to be less accurate in reproducing 
the spatial relationships between features when drawing an upside-down face 
relative to when drawing an upright face, but perceived accuracy in drawing 
the individual features themselves were not affected by the face’s orientation. 
They further provided evidence to suggest that drawing experience does not 
modulate these effects, as art students and non-art students exhibited the same 
pattern of drawing effects due to face inversion despite the fact that art stu-
dents, unsurprisingly, produced more accurate drawings than non-art students. 
With respect to the effects of face inversion on the drawing of spatial relation-
ships between features, Ostrofsky et al. (2016a) reported that the objectively 
measured accuracy in drawing long-range spatial relationships (e.g., the verti-
cal distance of the eyes and mouth) was selectively impaired by face inver-
sion, as drawing short-range spatial relationships (e.g., the horizontal distance 
between the two eyes; the vertical distance between the eyes and eyebrows; 
the vertical distance between the nose and mouth) was unaffected by face in-
version. These two studies suggest that, at least with respect to faces, disrupt-
ing global processing (and, thus, relying more on local processing) has been 
demonstrated to have either an impairing effect or no effect at all on drawing 
performance depending on the aspect of the model being drawn. Thus, there 
seem to be some cases where a local processing bias would be detrimental, 
rather than beneficial, to drawing performance.

These face-inversion drawing studies are the only source of evidence to 
date that suggests holistic, global processing aids drawing performance 
for some aspects of drawing. However, it is currently unclear whether these 
patterns of drawing effects were due to intact vs disrupted holistic processing 
or due to another mechanism that affects the drawing of upright vs inverted 
faces. For instance, the detrimental effects of face-inversion on the drawing of 
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long-range spatial relationships may be related to attentional biases as opposed 
to disrupted holistic perceptual processing. It has been previously established 
that individuals exhibit a bias to allocate attention more strongly to the upper 
than lower visual field in some studies (Feng and Spence, 2014; Quek and 
Finkbeiner, 2016; Zito, Cazzoli, Müri, Mosimann and Nef, 2016) and a bias 
to allocate attention more strongly to the lower than upper visual field in other 
studies (Christman, 1993; Niebauer and Chistman, 1998). Further, in relation 
to drawing, one prior study established that face-drawing errors (particularly, 
vertical eye positioning errors) are associated with upper visual field attention-
al biases (Ostrofsky et al., 2016b). Although it is not within the scope of this 
paper to discuss the specific reasons why the upper vs lower visual field would 
experience an attentional bias, and what determines when the upper vs lower 
visual field experiences this attentional bias, it is sufficient for our purposes to 
acknowledge that the upper vs lower visual fields are differentially attended to. 
Since face-inversion switches which facial features are in the upper vs lower 
visual field, any face-inversion drawing effect may due to such vertical asym-
metries in visual attention. Thus, utilizing an alternative method of disrupting 
holistic processing that equates which features are found in the upper vs lower 
visual field across experimental conditions would prevent this mechanism as 
being a viable explanation of an effects observed.

The current study is an effort to establish convergent validity of different 
methods that are presumed to disrupt holistic processing in relation to an ob-
servational face drawing task. If the pattern of face-inversion effects on draw-
ing performance (pertaining to errors in drawing long-range vs short-range 
spatial relationships) was due to the disruption of holistic processing, we 
should expect to observe the same pattern of results when utilizing a different 
experimental paradigm other than face-inversion to manipulate intact vs dis-
rupted holistic processing. In this study, we administered a drawing task that 
manipulated whether the model face being drawn was horizontally aligned 
vs misaligned. As discussed above, horizontal misalignment of faces elimi-
nates the holistic processing effect that is observed for horizontally aligned 
faces in a face-composite task. Thus, the key assumption of our experiment 
is that individuals are predominately engaging in global, holistic process-
ing when drawing an aligned face model vs predominately engaging in lo-
cal processing when drawing a misaligned face model. We measured each 
model and drawing with respect to the spatial relationships with the same 
method used in the face-inversion drawing experiment reported by Ostrof-
sky et al. (2016a). Specifically, we measured one long-range spatial relation-
ship (the vertical distance between the eyes and mouth) and three short-range 
spatial  elationships (the vertical distance between the eyes and eyebrows; 
the  vertical distance between the nose and mouth; the horizontal distance 
between  the two eyes). Drawing accuracy was assessed by determining the 
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difference in the relative spatial positioning of features between the models and  
drawings.

If drawing performance generally benefits from biasing attention towards 
local information and away from global information, we would expect to ob-
serve cases of greater accuracy in drawings of the misaligned faces compared 
to drawings of the aligned faces. In contrast, if (a) holistic processing facili-
tates drawing performance and (b) misaligning and inverting a face both dis-
rupts holistic processing in the same way, we would expect to observe cases 
of greater accuracy in drawings of the aligned faces (relative to the misaligned 
faces) with respect to the long-range spatial relationship, but no difference in 
accuracy between the aligned and misaligned faces with respect to drawings 
of the three short-range spatial relationships. The following experiment evalu-
ated these hypotheses.

2. � Method

2.1. � Participants

Sixty-four Stockton University undergraduate psychology students participat-
ed in the experiment. However, the drawings of two participants were exclud-
ed from data analysis for either not completing the drawing (e.g., one or more 
major facial features were excluded from the drawing; n = 1) or for spending 
less than five minutes creating the drawing (less than 33.33% of the allotted 
time limit to complete the drawings; n = 1). Thus, our analyses were based 
on a sample of sixty-two of these participants [53 females, 9 males; M (SD) 
age = 20.89 (3.78) years old].

All participants were provided course credit as compensation for participat-
ing in the study.

2.2. � Materials

Participants created two drawings of one of four male face models (see Fig. 1). 
The face models were computer-generated images created using FaceGen 
Modeller (version 3.1, https://facegen.com/modeller.htm). The faces were var-
ied by race through manipulating the race-morph tool in FaceGen Modeller; 
the faces differed from each other by being set to either 100% ‘European’, 
100% ‘African’, 100% ‘Southeast Asian’, or 100% ‘East Indian’. All faces were 
set to have an emotionally-neutral facial expression.

Three versions of each face were created using Adobe Photoshop: aligned, 
bottom misaligned-to-the-right and bottom misaligned-to-the-left. For the 
misaligned versions, the bottom half of the face was horizontally shifted to 
the left or right so that the nose was vertically aligned with the ear. In order 
to equate the edges displayed in the aligned and misaligned faces, a small 
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horizontal gap (matched in color to the background) was included to separate 
the top and bottom halves of the faces for both aligned and misaligned face 
stimuli. In this way, there are two segregated regions of the face presented to 
participants in both the aligned and misaligned face models.

Face models were displayed against a white background on a computer 
monitor. As displayed on the computer monitor, each face was approximately 
8.75 inches in height, and the horizontal gap in between the top and bottom 
halves of the face measured 0.13 inches in height.

Participants created each their drawings on a plain 8.5″ × 11″ white sheet 
of paper using a No. 2 pencil.

2.3. � Procedure

After providing informed consent, participants were seated in front of the 
computer monitor that ultimately would display the models they were asked 
to draw. Before displaying a face model, the researcher explained that the par-
ticipants were going to be asked to create multiple drawings of a face model. 
The researcher further indicated that the participants were not required to be 
skilled in drawing and that they should try to draw to the best of their ability.

Each participant was randomly assigned to draw one of the four face mod-
els twice. All participants were exposed to and asked to draw the aligned 
face model for their first drawing. For this drawing, the researcher displayed 
the model image on the computer monitor. Participants were instructed that 
they were to draw as accurate a copy of the model image as they were capable 
of. They were instructed not to exclude any of the major features found in the 

Figure 1.  The four face models that participants reproduced in their drawings. Participants 
were randomly assigned to draw only one of these four models. All four faces in the bottom row 
depict the appearance of the misaligned-to-the-right models.
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image and not to include any features absent from the image. They were fur-
ther instructed to include the gap that separated the top and bottom half of the 
face model in their drawings. Participants were given a 15-minute time limit 
to complete their drawing and were told that they were allowed to erase and 
modify any aspect of their drawing during this time period. Once any ques-
tions were addressed by the researcher, the participants began drawing.

After the 15-minute time limit expired (or the participants indicated that 
they had completed their drawing), the drawing was taken by the researcher 
and participants were provided a new sheet of paper for their second drawing. 
All participants created a second drawing of the same face model used during 
the first drawing. Here, participants were randomly assigned to either draw the 
aligned face model for a second time (this group of participants were labeled 
the Aligned-Face Drawing Group) or to draw the misaligned face model (this 
group of participants were labeled the Misaligned-Face Drawing Group). 
Within the latter group, participants were further randomly assigned to draw 
the model whose bottom half was misaligned to the left or right. Participants 
in the Aligned-Face Drawing Group received an explanation that the reason 
they were being asked to draw the same model again was in order to assess 
the effect of practice on face drawing performance. Then, they were provid-
ed the same instructions as they received for their first drawing. Participants in 
the Misaligned-Face Drawing Group received an explanation that the reason 
they were drawing the misaligned face was to assess the effects of practice 
and face misalignment on drawing performance. They then received the same 
instructions that were provided for the first face drawing, with the added in-
struction to draw the misaligned face as it appeared on the screen (or to depict 
a misaligned face as opposed to aligning the face in their drawing).

After the second drawings were complete and collected, the researcher de-
briefed the participants and ended the session.

The logic of this experimental design is as follows. All participants drew 
the aligned model first in order to establish a baseline measure of drawing 
performance. The second drawings produced by the Aligned-Face Drawing 
Group served to control for practice effects and were compared to the second 
drawings produced by the Misaligned-Face Drawing Group in order to assess 
the effects of face misalignment on drawing performance. For the Misaligned-
Face Drawing Group, the random assignment to a left vs right misaligned face 
was included to ensure any potential effect of misalignment was not direc-
tionally specific. With this design, the strongest evidence of an effect of face 
misalignment on drawing performance would be the observation of an interac-
tion between the drawing order (first vs second drawing) and drawing group 
(aligned vs misaligned) that indicates a non-significant group-difference in 
performance for the first drawings and a significant group difference in perfor-
mance for the second drawings.
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2.4. � Measures of Drawing Performance

Drawing performance in this study was assessed using measures that quanti-
fied how participants depicted multiple spatial relationships between facial 
features. The measurement procedure that was employed was adopted from 
Ostrofsky et al. (2016a) and is illustrated in Fig.  2. For each drawing and 
model, six measurements, A–F, were recorded:

–	 A = height of the head, measured as the vertical distance from the top of the 
head to the bottom of the chin

–	 B = width of the head, measured as the horizontal distance between the two 
points where the top corners of the ears intersect with the face

–	 C = the vertical distance between the eyes (midpoint of the horizontal line 
that intersects the two pupils) and the mouth (bottom of the lower lip)

–	 D = the vertical distance between the eyes and the top of the eyebrows
–	 E = the vertical distance between the bottom of the nose and the mouth
–	 F = interocular distance: measured as the horizontal distance between the 

inner corners of the two eyes

Four Spatial Relation Ratios (SRR) were computed based on these mea
surements:

–	 C/A = vertical distance between the eyes and the mouth relative to the 
height of the head

Figure 2.  Illustration of how each drawing and model was measured (measures A–F), and a 
definition of each of the four spatial relation ratios (SSRs) calculated from these measures.
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–	 D/A = vertical distance between the eyes and eyebrows relative to the 
height of the head

–	 E/A = vertical distance between the nose and mouth relative to the height 
of the head

–	 F/B = interocular distance relative to the width of the head

Table 1 displays the SRR values for each model and the mean and standard 
deviation SRR values of the drawings.

Drawing Errors for each of the four SRRs were calculated using the fol-
lowing formula:

–	 Deviation of Drawing from Model % = │ [(Drawing SRR – Model SRR) / 
Model SRR] │ × 100

3. � Results

The following analyses aimed to assess the effects of face misalignment on 
drawing errors for each of the four spatial relationships described above. Be-
fore the analyses were performed, we collapsed across (a) the drawings of the 
four different models and (b) the drawings of the leftward- and rightward-
misaligned models. Table 2 displays the mean and standard deviation values 
of the drawing errors for each of the four SRR measures.

We performed four 2 (Drawing Order: First vs Second Drawing) × 2 (Group: 
Aligned vs Misaligned) ANOVAs that tested for effects on the drawing errors; 
one ANOVA was performed for each of the spatial relationships assessed in 
this experiment.

3.1. � Errors in Drawing the Vertical Distance between the Eyes and Mouth 
(C/A)

There were no significant main effects of Drawing Order, F1,60 = 0.49, p = 
0.49, ηp

2 = 0.01, or Group, F1,60 = 1.93, p = 0.17, ηp
2 = 0.03. However, there was 

a significant interaction, F1,60 = 4.23, p = 0.04, ηp
2 = 0.07. Simple main effect 

analyses indicated that, while there was no significant difference in drawing 
errors between the two groups with respect to their first drawings, F1,60 = 0.09, 
p = 0.76, ηp

2 < 0.01, the Misaligned Drawing Group was significantly less ac-
curate than the Aligned Drawing Group when drawing the eye–mouth distance 
in their second drawings, F1,60 = 4.75, p = 0.03, ηp

2 = 0.07.

3.2. � Errors in Drawing the Vertical Distance between the Eyes and 
Eyebrows (D/A)

For this analysis, we discarded one individual’s data from the ‘Aligned Draw-
ing Group’, as their drawing error value for their first drawing was identified  
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as an extreme outlier (z-score = +3.26). There were no significant main 
effects  of  Drawing Order, F1,59 = 0.35, p = 0.56, ηp

2 = 0.01, or Group, 
F1,59 = 2.45, p = 0.12, ηp

2 = 0.04. However, there was a significant interac-
tion, F1,59 = 5.22, p = 0.03, ηp

2 = 0.08. Simple main effect analyses indicated 
that the Aligned Drawing Group was significantly less accurate than the Mis-
aligned Drawing Group when drawing the eye–eyebrow distance in their first 
drawing, F1,59 = 5.72, p = 0.02, ηp

2 = 0.09. In contrast, there was no signifi-
cant difference in drawing errors between the two groups with respect to their 
second drawings, F1,59 = 0.02, p = 0.89, ηp

2 < 0.01.

3.3. � Errors in Drawing the Vertical Distance between the Nose and Mouth 
(E/A)

There were no significant main effects of Drawing Order, F1,60 = 0.55, p = 
0.46, ηp

2 = 0.01, or Group, F1,60 = 2.14, p = 0.15, ηp
2 = 0.03, nor was there a 

significant interaction between these two factors, F1,60 = 0.19, p = 0.66, ηp
2 < 

0.01.

3.4. � Errors in Drawing the Interocular Distance (F/B)

There were no significant main effects of Drawing Order, F1,60 = 0.18, p = 
0.67, ηp

2 < 0.01, or Group, F1,60 = 0.22, p = 0.64, ηp
2 < 0.01, nor was there a 

significant interaction between these two factors, F1,60 = 0.01, p = 0.91, ηp
2 < 

0.01.

4. � Discussion

To summarize the results described above, the horizontal misalignment of fac-
es (relative to the horizontal alignment of faces) causes individuals to generate 
more errors in drawing a long-range spatial relationship (the vertical distance 
between the eyes and mouth) but does not affect the accuracy in drawing three 
short-range spatial relationships (the vertical distance between the eyes and 
eyebrows; the vertical distance between the nose and mouth; the horizontal 
distance between the two eyes).

However, there is one important caveat to this summary. Earlier, we argued 
that an effect of face misalignment on drawing performance would be most 
strongly evident by the observation of no group difference in the accuracy 
of the first drawings participants produced (since both groups started with 
a drawing of an aligned face) and a group difference in the accuracy of the 
second drawings produced (since the two groups differed here with respect 
to being asked to draw an aligned vs misaligned face). For three out of the 
four spatial  relationships assessed in this study, we found no group differ-
ence in the accuracy of the first drawings. However, with respect to reproduc-
ing the vertical distance between the eyes and eyebrows in the first drawings, 
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the Aligned-Face Drawing Group was significantly less accurate than the 
Misaligned-Face Drawing Group. Since the vertical distance between the eyes 
and eyebrows was a short-range spatial relationship, it was hypothesized that 
face misalignment would not affect the drawing of this spatial relationship. 
While the significant group difference in the accuracy of the first drawings is 
not ideal for the purposes of evaluating this hypothesis, there are two reasons 
that lead us to believe that this observation does not substantially weaken our 
claim that face misalignment has no effect on drawing this short-range spatial 
relationship. First, as mentioned in the Results section and with respect to the 
second drawings, there was no significant difference in accuracy between the 
drawings of the aligned and misaligned face. One may argue, however, that 
this is not a fair comparison as the groups differed in their initial baseline ac-
curacy, potentially masking any drawing effects due to face misalignment as 
assessed by a group comparison of the second drawings. In order to resolve 
this, we ran a post-hoc within-group analysis testing for differences in accura-
cy between the first and second drawings produced by those in the Misaligned-
Face Drawing Group. In this way, if the different baseline points in accuracy 
between the two groups is masking face misalignment-based group-based 
effects in the second drawings, we should see a significant difference in ac-
curacy between the aligned and misaligned face drawings produced by the 
Misaligned-Face Drawing Group. In a statistically liberal analysis, this was 
not observed, t(29) = 1.23, p = 0.11. Thus, we maintain the claim that face 
misalignment has no effect on the drawing of the short-range spatial relation-
ship between the eyes and eyebrows.

As a side-note relating to this issue, a reviewer pointed out that, with re-
spect to the Aligned-Face Drawing Group, the errors for the first drawing 
were larger than those observed for the second drawing, indicating a potential 
practice effect that was not observed for the Misaligned-Face Drawing Group. 
The reviewer suggested that if such a practice effect existed, it may indicate 
an effect of disrupting holistic processing on eye–eyebrow distance drawing 
errors. Specifically, since the eye–eyebrow distance drawing errors were not 
observed to differ between the first and second drawings of the Misaligned-
Face Drawing Group, a practice effect observed in the Aligned-Face Draw-
ing Group could indicate that disrupting holistic processing prevents practice 
from reducing drawing errors. To clarify whether the potential practice effect 
observed in the Aligned-Face Drawing Group was statistically significant, 
we conducted a statistically liberal analysis comparing the eye–eyebrow dis-
tance drawing errors between the first and second drawings produced by the 
Aligned-Face Drawing Group and observed a non-significant difference in 
drawing errors, t(30) = 1.98, p = 0.06. Thus, we did not observe a significant 
practice effect pertaining to the Aligned-Face Drawing Group with respect 
to their eye–eyebrow distance drawing errors. In considering the total sum of 
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the evidence pertaining to this measure, we conclude that disrupting holistic 
processing has no effect on the eye–eyebrow distance drawing errors.

Nevertheless, the pattern of drawing effects we observed in this experiment 
is congruent with the pattern of drawing effects due to face inversion that has 
been previously observed (Ostrofsky et al., 2016a), suggesting that misalign-
ment and inversion both disrupt holistic processing of faces in a similar, if not 
identical, way. However, we acknowledge that this is not the strongest method 
of assessing convergent validity of drawing effects due to disrupted holistic 
processing, due to the comparison of inverted and misaligned drawing errors 
between two different samples. Planned future research will more strongly 
assess the claim that face inversion and misalignment are affecting drawing 
errors in the same way by having participants draw an upright face, an inverted 
face and a misaligned face. From this, we will be able to further assess wheth-
er face inversion and misalignment are affecting drawing in the same way by, 
in addition to comparing drawing errors between upright models vs inverted 
models and upright models vs misaligned models, also assessing the correla-
tion of the drawing errors observed for the inverted and misaligned models to 
determine if inversion and misalignment are producing similar types of errors 
in a within-subjects analysis.

Moving on, since face misalignment and inversion have been associated 
with either an impairing effect or a lack of effect on drawing performance, 
it seems that, in some cases, holistic processing facilitates drawing perfor-
mance and, in other cases, holistic processing does not influence drawing 
performance at all. As discussed in the Introduction, previous research re-
ported that drawing skill predicted a stronger local processing bias that was 
evident by performance in a variety of non-drawing tasks including the Block 
Design Task, Group Embedded Figures Test and the Face-Composite Task 
(Drake, 2013; Drake and Winner 2011; Drake et al., 2010; Zhou et al., 2012). 
One possible way of interpreting this is that drawing performance generally 
benefits from biasing attention towards local and away from global visual in-
formation. However, the current findings illustrate that drawing performance 
does not generally benefit from such a local processing bias. Consistent with 
the arguments and evidence provided by Chamberlain and Wagemans (2015), 
we are more confident in re-interpreting the association of drawing skill and 
local processing biases referenced above as indicating that greater drawing 
skill is associated with a stronger ability of deploying attention towards task-
relevant information and away from task-irrelevant information (Ostrofsky 
and Kozbelt, 2011). Recall that the three tasks mentioned above that assessed 
local processing biases were designed so that accurate performance neces-
sitates ignoring global visual information and biasing attention towards local 
visual information. According to this re-interpretation, we would hypothesize 
that drawing performance would predict a global processing bias in situations 
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when accurate performance demanded attention towards global visual infor-
mation. Since previous perceptual research shows that accurately perceiv-
ing some spatial relationship between facial features requires global, holistic 
processing (e.g., Freire et al., 2000; Leder and Bruce, 1998; Sekunova and 
Barton, 2008), the results of the current study and the face-inversion draw-
ing studies referenced earlier demonstrating poorer drawing accuracy when 
holistic processing is experimentally disrupted supports this claim.

4.1. � Limitations

As one reviewer commented, one methodological limitation of this experi-
ment concerns the presence of a confounding variable, namely, the difference 
in the eye–mouth distance between the aligned vs misaligned face stimuli. 
In the misaligned faces, the absolute distance between the eyes and mouth is 
longer than it is in the aligned faces, and thus, could potentially explain the 
difference in error in drawing this spatial relationship between the aligned and 
misaligned faces (which is an especially relevant point given that the average 
direction of error was for subjects to draw this distance longer in the mis-
aligned, relative to aligned, faces). While our method does not allow us to rule 
this out as a possibility, it is worth emphasizing that both face misalignment 
in the current study and face inversion in Ostrofsky et al. (2016a) (where this 
absolute distance between the eyes and mouth is equal to upright faces) caused 
individuals to draw, on average, the eye–mouth distance with a greater degree 
of error in the same direction (the eye–mouth distance was drawn longer, on 
average, in both misaligned, relative to aligned, and inverted, relative to up-
right, faces). Thus, the specific eye–mouth distance drawing errors observed 
in this experiment was not unique to the face misalignment manipulation. 
However, whether this same pattern of error was due to the same mechanism 
is open to question. An alternative method to disrupt holistic processing that 
could be employed in future research to clarify this issue would be to present 
and have subjects draw aligned top and bottom-halves of faces either simulta-
neously (intact holistic processing) vs sequentially (disrupted holistic process-
ing). If the effect of face misalignment on the eye–mouth distance drawing 
errors was solely due to the increased absolute distance between these two 
features, one would predict no difference in drawing error between simultane-
ous vs sequential conditions. However, if the effect of face misalignment on 
eye–mouth distance drawing errors was caused by the disruption of holistic 
processing, we would predict increased drawing errors of this spatial relation-
ship (specifically by drawing the distance longer) in the sequential (relative 
to simultaneous) condition just as what is observed in face misalignment and 
inversion conditions. However, this method of comparing simultaneously vs 
sequentially presented top and bottom halves of faces would result in another 
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confounding variable. Namely, the total amount of visual information in the 
model perceived at any given moment during the drawing process would differ 
between the simultaneous and sequential drawing conditions. Thus, this may 
not be a fully satisfactory solution to addressing the limitation described here 
concerning aligned vs misaligned faces.

Moving along, one should be cautious in the generalization of these results, 
as the methods employed in this experiment were quite narrow in focus. We 
assessed the effects of disrupting holistic processing on the drawing of the 
relative spatial positioning of facial features. Needless to say, reproducing the 
spatial relationships between features is only one of many important aspects 
to accurately drawing a face. Other important aspects of face drawing include 
reproducing the detailed appearance of individual facial features, accurately 
shading different areas of the face and reproducing the subtle cues that con-
tribute to representing the emotional expression displayed in the face. Because 
our methods neglected these aspects of face drawing, we are not able to make a 
strong judgment with respect to the influence holistic processing has on draw-
ing them. It is worth re-emphasizing here that Cohen and Earls (2010) report-
ed that accuracy in drawing individual facial features was not affected by dis-
rupting holistic processing via face inversion. However, it is important to note 
that accuracy was measured by independent judges who provided Likert-type 
ratings that assessed the perceived accuracy of drawing these features. While 
this suggests that disrupting holistic processing via inversion has no effect on 
drawing individual facial features, it may be that (a) subjective accuracy judg-
ments of this type are not sensitive enough to detect more objective differences 
in the appearance of features between upright and inverted face drawings and 
(b) that disrupting holistic processing via face misalignment might affect the 
accuracy of drawing individual facial features differently. It would be valuable 
for future research to develop an objective measurement method for assessing 
drawing accuracy for individual features and to employ them in face draw-
ing experiments that disrupt holistic processing via both face inversion and 
misalignment.

The limited scope of our methods is also evident by the fact that we asked 
participants to draw faces, which have been theorized to be a relatively unique 
category of objects in that they are processed holistically whereas most oth-
er categories of objects appear to be processed non-holistically (Tanaka and 
Farah, 2003) (see Note 1). While our results suggest that holistic processing 
either facilitates or does not affect at all drawing performance, this can only 
be safely generalized to the drawings of the relative spatial positioning of fa-
cial features. It is possible that a strong attentional bias towards local visual 
information and away from global visual information could benefit drawing 
performance in the case of drawing non-face objects that are not normally pro-
cessed holistically. For instance, a popular drawing instruction technique is the 
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use of drawing grids. Drawing grids allow users to segment whole images into 
multiple cells, and create their drawing by focusing on reproducing the visual 
information one cell at a time. Presumably, this technique supports the users’ 
ability to attend to local areas of the image and suppresses attention towards 
global aspects of the image. If the use of such grids is effective in increasing 
drawing accuracy (to date, no experimental validation of this technique has 
been attempted), then that would be convincing evidence that biasing visual 
attention towards local visual information is capable of facilitating drawing 
performance.

A final limitation to address relates to our conceptualization of the effects 
observed in this experiment (and in prior face inversion experiments discussed 
in this article) being due to the disruption of holistic processing. There is an 
unresolved debate in the face perception literature concerning the relation-
ship between holistic and configural processing. Specifically, as Richler and 
Gauthier (2014) point out, the terms ‘holistic processing’ and ‘configural pro-
cessing’ are often used as synonyms in the literature, assuming that they are 
the same perceptual process. They further point out that while holistic pro-
cessing can facilitate configural processing, it does not necessarily indicate 
that configural processing is identical to holistic processing in terms of how 
they exert effects on face perception. In the current article, we adopted the per-
spective that face misalignment and face inversion disrupt holistic processing 
in such a way to affect the drawing of long-range as opposed to short-range 
spatial relationships. However, in light of the arguments provided by Richler 
and Gauthier (2014), this may not be an accurate conceptualization. While the 
results of the current experiment and past studies indicate that face inversion 
and misalignment detrimentally affect configural processing of long-range 
spatial relationships, this may not necessarily indicate that these effects are 
due to disrupted holistic processing. While this is an issue, we invite the read-
ers to consider when interpreting the nature of the drawing-related effects of 
face misalignment and inversion, the current lack of consensus on this issue in 
the literature leads us to not take a strong position on this potential distinction.

4.2. � Concluding Thoughts

In general, this study and discussion highlights the limitations of research that 
aims to determine the predictive relationship between drawing skill and per-
formance biases that are observed in non-drawing tasks. Many studies that 
investigate such relationships assume, either explicitly or implicitly, that draw-
ing is a general skill that is either associated or unassociated with the perfor-
mance/biases that are measured using non-drawing tasks. This is evident by 
two common features of such studies: (1) drawing skill is commonly assessed 
using unitary measures of drawing performance and (2) the researchers select 
the type of object that serves as the model in a seemingly arbitrary fashion.
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Such methodological strategies may mask the complexity of the relation-
ship between drawing and non-drawing task performance for two reasons. 
First, drawing production is not a unidimensional behavior, as there are mul-
tiple components that must be successfully reproduced in order to produce a 
high-quality drawing (e.g., spatial proportions and positioning, line curvature, 
shading, appearance of individual features, linear perspective, etc.). It is by no 
means established that strong skill in reproducing one component of a model 
guarantees strong skill in reproducing other components (e.g., individuals may 
be able to successfully reproduce the relative spatial positioning of features, 
but may be less skilled in reproducing the appearance of individual features). 
Further, processes/biases observed in non-drawing tasks may be differentially 
associated with different components of drawing skill. Second, drawing skill 
may not generalize across different types of object categories within an in-
dividual. Individuals may be skilled in drawing one type of object, but less 
skilled in drawing other types of objects. For instance, Glazek (2012) ob-
served differences in drawing skill for familiar vs unfamiliar object categories 
(e.g., a human eye vs a Chinese ideogram, respectively). Thus, when reporting 
that general drawing skill is associated with performance/biases observed in 
non-drawing tasks, it is unclear what specific components of drawing are asso-
ciated with the non-drawing task performance of interest. Further, it is unclear 
if such associations generalize across the drawing of all types of model objects 
or only some types of model objects. We believe future research in this area 
would benefit from an attempt to specify which components of drawing and/
or which categories of model objects are associated (vs non-associated) with 
performance/biases in non-drawing tasks.

Note

1.	 While outside of the scope of this article’s focus, it is worth acknowl-
edging the theoretical debate as to why this is the case. Some argue this 
holistic vs non-holistic difference is due to faces and non-faces being pro-
cessed by distinct, domain-specific perceptual mechanisms (Kanwisher, 
2000), whereas others argue that this difference is more generally related 
to different perceptual processing mechanisms existing for categories of 
objects individuals have vs do not have extensive experience in perceiv-
ing, with faces being an example of an object category most humans are 
‘experts’ in perceiving (Bukach et al.; Tarr, 2006).
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