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ABSTRACT Objective: Human figure drawings are widely used in clinical practice as a qualitative indication
of Body Representations (BRs) alterations in stroke patients. The objective of this study is to present and
validate the use of a new app called QDraw for the quantitative analysis of drawings and to investigate
whether this analysis can reveal distortions of BRs in chronic stroke patients. Results: QDraw has proven to
generate reliable data as compared to manual scoring and in terms of inter-rater reliability, as shown by the
high correlation coefficients. Moreover, human figure drawings from chronic stroke patients demonstrated a
distortion of upper limb perception, as shown by a significantly higher arm length asymmetry compared to
legs, whereas no difference was found in healthy controls. Conclusions: The present study supports the use
of quantitative, digital methods (the QDraw app) to analyze human figure drawings as a tool to evaluate BRs
distortions in stroke patients.

INDEX TERMS Body representations, drawings, sensorimotor deficits, human figure, stroke.

IMPACT STATEMENT We propose the application “QDraw” as a reliable method both for clinicians and
researchers to quantify BRs distortions in stroke patients from human figure drawings.

I. INTRODUCTION
Body representations (BRs) result from patterns of neural
coding from specific brain areas or from a network of brain
areas, encoding and tracking the state of the body in time
and space [1], [2]. These neural representations concern the
perception and experience of our own body and result from

a continuous flow of multisensory information that is pro-
cessed bidirectionally between the body and the brain [3]. One
important characteristics of BRs is their flexibility, as they
are constantly updated and shaped as a function of experience
(e.g., [4], [5]). Brain lesions, such as those caused by stroke,
can lead to specific alterations in BRs [3].
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BRs alterations in stroke patients may result in deficits of
body ownership (e.g., somatoparaphrenia [6], [7], or patho-
logical embodiment [8] or troubles in the sense of agency e.g.,
alien hand syndrome; [9]). Stroke patients may also report dis-
tortions in the perceptual characteristics of the body, such as
its perceived dimensions, with the tendency to underestimate
the perceived length of the affected arm [10], [11].

Recent studies underline the importance of assessing BRs
in clinical practice, by suggesting a possible impact of BRs
alterations on functional recovery after stroke [12], [13], [14],
[15] but also emphasizing the need for clinically-compatible
tools for BRs evaluation [16].

A practice widely used by clinicians to investigate BRs in
various clinical populations (e.g., cerebral palsy [17], stroke
[18]), whether in children, adolescent or adults, requires pa-
tients to simply draw a human figure (self-portrait or more
generally a figure representing a human) on a sheet of paper
(see Human figure test [19] for a description of the test and a
review of its usage in the neuropsychological field). The tra-
ditional approach to interpret patients’ BRs distortions from
the human figure drawings is mainly qualitative. However,
through descriptive analyses and hierarchical classification,
Morin described the human figures by proposing a categorical
classification, differentiating self-portrait drawings by stroke
patients and healthy subjects. The classification was based
on fifteen variables, including: the position of the drawing
on the paper sheet, the direction of axis of symmetry of the
body (vertical or inclined toward the left or the right), the
figure orientation (body mirroring or facing the viewer), the
gross symmetry of the body (whether the drawing provided
an impression of balance and harmony), the presence, num-
ber and aspects of body parts drawn (e.g., mouth, hand …)
[18], [20]. Finally, the authors analysed the relation between
drawings characteristics and clinical symptoms, so that based
on this approach, several patterns of symptoms associations
were identified. For instance, omissions of mouth, hands and
clothes were more frequent in drawings by patients with
speech disorders, while drawings by right brain damaged pa-
tients were characterized by missing body parts on one side
(such as omission of one hand). Although unilateral omissions
may be attributed to hemineglect, some of these patients were
able to draw complete human figures of other people when
asked [18], compared to incomplete self-portraits, suggesting
a specific deficit in one’s own body perception rather than a
generic spatial bias.

Recently, this descriptive approach has been extended by
the extraction of metric parameters from drawings. For exam-
ple, Nuara et al., analysed self-portraits of children suffering
from unilateral cerebral palsy. Their method consisted of man-
ually measuring the inter-joint distance between the shoulder
and the wrist and in computing an asymmetry index, defined
as “the difference between upper limbs length expressed as
a percentage of their average”. The authors found that the
asymmetry index was specifically present in patients rather
than in healthy controls and considered it as “a signature of
hemiparetic children” [17].

Such approach could be extended by using a digital applica-
tion able to measure body metric parameters of interest (such
as dimensions of body parts) in a more efficient and systematic
manner.

Within this context, we developed a computerized, custom-
made app named QDraw (standing for Quantitative analysis
of Drawings). QDraw allows to digitally analyse drawings in
a standardized manner and generates numeric data for lengths
and widths of body segments, that can be used with specific
algorithms to compute values of interest assessing BRs.

The current study aims at presenting and validating the use
of QDraw for drawings’ analysis. To reach this goal, 1) we
tested the application on a sample of human figure drawings
from chronic stroke patients, selected for the presence of
unilateral sensorimotor deficits of the upper limb (N=56),
and from healthy controls (N = 46); 2) we compared the
metric parameters extracted by QDraw with those manually
extracted by an expert rater, as well as the time required by
each method to analyse the same subset of drawings; 3) we
compared the metric parameters extracted by two independent
users of QDraw app to evaluate the inter-rater reliability of the
new, digital method and finally 4) we investigated whether
drawings can capture distortions of BRs in chronic stroke
patients, by comparing the prevalence of body features and by
computing an asymmetry score of the upper and lower limbs
in patients and controls.

II. RESULTS
Extraction of body features and metric parameters: For each
analysed drawing, QDraw (detailed in the Materials and
Methods and in Supplementary Materials sections) generated
a .txt file providing target information (see Supplementary
Materials, Table S.1) including whether a set of body features
were visible and, when applicable, their characteristics and
their metrics (e.g., whether the left or right arm was drawn,
whether it was connected to the rest of the body and finally its
length).

Table 1 summarizes the prevalence and statistical compari-
son of the main body features in controls’ and stroke patients’
drawings. A significant, higher prevalence of characteristics
was found in the drawings by heathy controls rather than in
those by patients regarding the general appearance of the body
(hair, clothes), face (nose, mouth, eyes and ears) and the upper
and lower limbs.

Comparison between the manual and the digital method:
The average time needed for the digital evaluation with
QDraw was about 3-4 min per drawing (N = 10 drawings
analysed by IM: mean = 3 min 32 s; SD = 35 s), while 30 min
were necessary for the manual evaluation (same 10 drawings
analysed by the same user: mean = 29 min 25 s; SD = 9
min 11 s). Thus, QDraw app provided a significant advantage
in terms of time required to extract the parameters from each
drawing (Wilcoxon test: z = −2.803; p = 0.002).

Strong positive correlations were found between data man-
ually extracted (M) and those digitally extracted (QD referring
to QDraw; U1 referring to user 1, see Fig. 1) for the sample of
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TABLE 1. Prevalence and statistical comparison of main body features
extracted from drawings of healhty controls (HC; N = 46) and chronic
stroke patients (P; N = 56)

stroke patients’ drawings. Spearman’s correlation coefficient
was higher than 0.9 for total height, head size, hips width,
torso length, right leg, left arm and right arm and was higher
than 0.8 for shoulders width and left leg. See Table S.2. in
Supplementary Materials for detailed statistical results.

Comparisons between the two users of QDraw app: Signif-
icant and strong positive correlations were found for all the
metric parameters of stroke patients’ drawings extracted by
the two expert users of QDraw (QD-U1, QD-U2 referring to
user 2, Fig. 2). Overall, the Spearman’s correlation coefficient
was always higher than 0.9, except for shoulders width (rho =
0.533). See Table S.3. in Supplementary Materials for detailed
statistical results.

Distortions of BRs in chronic stroke patients captured by
drawings: Finally, to investigate whether drawings would
identify an alteration of arms representation in patients suf-
fering a unilateral sensorimotor deficit of the upper-limb, we
computed and compared an Index of Asymmetry (IoA) for

FIGURE 1. Scatterplots of correlations for leg and arm lengths (in cm)
digitally extracted by user 1 (QD-U1, x-axes) and manually extracted (M,
y-axes). The graphs suggest positive, linear correlations between the two
sets of values.

FIGURE 2. Scatterplots of correlations for legs and arms lengths (in cm)
measured by user1 (QD-U1, x-axes) and user 2 (QD-U2, y-axes). The graphs
show positive, linear correlations between the two sets of values.

the upper and lower limbs (see [17] and the Materials and
Methods section). We predicted the arm IoA would be sig-
nificantly higher than the leg IoA, that were minimally or not
affected by stroke. The Wilcoxon signed-rank test performed
on arm and leg IoA showed a significant difference between
the two (N= 52; z = 3.206; p = 0.001; the p-value threshold
was set at 0.025 according to Bonferroni correction for two
comparisons, i.e., stroke patients and healthy controls), with
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FIGURE 3. Arm (in green) and leg (in orange) IoA (IoA, in %) by chronic
stroke patients and healthy controls. Each figure presents a raincloud plot,
in which arm IoA cloud of points are connected to the leg IoA cloud of
points, followed by boxplots showing the median (line), interquartile range
(lower and upper ‘hinges’) and minimum and maximum values no further
than 1.5 times the interquartile range (upper and lower whiskers) of arm
and leg IoA and finally one-sided violin plots, showing the probability
density of arm and leg IoA. As showed, upper limbs distortions, expressed
by the arm IoA, were significantly higher than those at the lower limbs in
chronic stroke patients but not in healthy subjects.

FIGURE 4. Example of a human figure drawing run on QDraw.

arm IoA significantly higher than leg IoA, meaning that upper
limb asymmetry captured by drawings was greater than that
of the lower limbs. This result was replicated also on the data
manually measured (N= 51 z = 3.326; p = 0.001).

Furthermore, no significant difference between arm and leg
IoA was found in healthy controls’ drawings (N= 46; z =
1.185; p = 0.241; the p-value threshold was set at 0.025 as
described above). See Fig. 3 for a graphical representation of
results.

III. DISCUSSION
Human figure drawing is a test widely used by clinicians as a
qualitative indication of BRs [19]. Previous studies proposed
some methods to assess BRs from drawings in stroke patients
[18] and quantitatively in children suffering from unilateral
cerebral palsy [17].

The aim of the current study was to develop and validate a
new application (QDraw) for the quantitative analysis of hu-
man figure drawings. Our approach allows to select, through
a systematic and digitalized procedure, all the visible features
of the body represented (such as arms, legs and other body
parts) and to extract metrics parameters as lengths and widths.
These digitalized data can be then computed to calculate any
index of interest.

The app has several advantages compared to the manual
method, which requires to use graph paper or ruler to measure
body parts dimensions.

First, it significantly reduces the time required to extract
the parameters from each drawing by 25-26 min, and to
analyze data that are automatically and digitally saved. De-
spite this huge advantage in time, QDraw provides equiva-
lent parameters to those extracted via the manual method,
as shown by the high correlation coefficients between each
parameter generated manually or by a user of the app (Fig. 1).
QDraw automatic coding, on the other hand, minimizes the
possibility of error coming from manual rating and data
reporting.

Moreover, QDraw (with its instructions, see Supplementary
Materials) effectively guides users through the procedure min-
imizing potential variability, thus allowing to standardize the
data analysis and to ensure high inter-rater reliability. Indeed,
almost all the parameters extracted with QDraw by two inde-
pendent users to evaluate human figure drawings by chronic
stroke patients showed significant, strong, positive correla-
tions (Fig. 2). Since a lower correlation coefficient was found
for shoulders width, one possibility to further improve the app
would be to insert additional information in the manual for the
procedure to extract it, so to improve the inter-rater reliability
obtained for this body part.

Finally, the flexibility of QDraw allows to adapt the number
and type of features to be extracted based on research inter-
ests. Here, we mainly focused on asymmetry of the perceived
arm length to investigate whether drawings could capture up-
per limb BRs distortions in chronic stroke patients suffering
a persistent, severe sensorimotor deficit of the upper limb –
with minimal or no motor deficits at the lower limb. Previous
studies showed that these patients presented distortions of
the perceived dimension of body parts, characterized by an
asymmetrical underestimation of the arm length as extrapo-
lated with the Body Landmarks Localisation task [10], [13].
Thus, here we computed an IoA for arms and legs (as control
body part) [17]. We compared the upper and lower limbs
indices with the hypothesis that, considering the patients’ uni-
lateral upper limb motor deficits, distortions for the arms were
greater than those for legs. This hypothesis was confirmed by
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QDraw-based analyses, since a significant difference was
found, with arm IoA significantly higher than leg IoA. The
same analyses run on human figure drawings by healthy con-
trols showed no significant difference between arm and leg
asymmetry indices. Thus, the altered representation of the
upper limbs in stroke patients’ drawings was in line with what
previously found in the same patients with the Body Land-
marks Localization task [10]. On the other hand, no significant
difference in the asymmetrical presence of other body fea-
tures (eyes, ears, arms, hands, legs, feet) were noted (see Ta-
ble 1), suggesting a probably preserved general symmetry of
the body structure representation in stroke patients. However,
overall drawings by healthy controls presented more details of
the face (the nose, mouth, eyes and ears were more often rep-
resented), a more detailed representation of general appear-
ance of the body including hair and clothes, as well as a higher
presence of the upper and lower limbs than stroke patients’
drawings.

Taken together, these results suggest that reliable, quantita-
tive measures of human figure drawings can be extracted by
QDraw in a simple, systematic and efficient manner with the
aim of evaluating BRs distortions following stroke. Consider-
ing the negative impact that altered BRs can have on recovery
[13], [15], further studies might test if customized treatments
taking into account patients’ alteration of BRs can boost the
treatment outcomes.

IV. CONCLUSION
QDraw represents the first attempt for the quantification and
digitalization of human figure drawings analyses and the
present study supports its use for detecting distortions of BRs
in stroke patients. The use of the app significantly reduces the
time required to measure the perceived dimensions of body
parts, by also automatically storing data and allowing the im-
plementation of ad-hoc analyses for clinical or research pur-
poses. This would facilitate future adoption of the approach
in the clinical practice. Future studies could further improve
the digital method by applying advanced data extraction algo-
rithms based on machine learning to reduce user inputs and
make the procedure fully automatic.

In line with previous studies showing alterations in the
metric properties of BRs following stroke [10], [11], drawings
from a sample of chronic stroke patients suffering sensorimo-
tor deficits of the upper limb revealed a distortion in upper
limbs perception, as demonstrated by a significant higher arms
length asymmetry compared to legs.

No arms-legs difference was observed in healthy partic-
ipants (who did not present any sensorimotor impairment),
thus suggesting that the difference in asymmetry index of
upper and lower limbs captured in patients’ drawings may
reflect the deficit in sensorimotor functions presented at the
arm but not in the legs in our sample. Further studies are
necessary to clarify the functional impact of this asymmetry
captured by the drawings on the degree of impairment or on
recovery of sensorimotor functions.

V. MATERIALS AND METHODS
Human figure drawings were collected from 56 chronic
stroke patients with unilateral upper limb motor deficits
who took part in the INCOGNITO study (NCT03349138,
https://clinicaltrials.gov/ct2/show/NCT03349138) carried out
at Villa Beretta Rehabilitation Center (Costa Masnaga, Italy),
and from 46 healthy controls. A detailed description of pa-
tients’ and controls’ profile is provided in Supplementary Ma-
terials, including a summary table of patients’ demographics
and clinical data (see Table S.4).

Patients (N=56, of the 60 patients reported in [10]) were
provided with a sheet of paper A4 vertically and centrally
presented and a pencil and were verbally asked: “Please, draw
a human figure on this paper” during clinical evaluation. The
same procedure was required to healthy controls (N=46).
Human figure drawings were analysed using both the digital
QDraw app and a manual scoring (paper graph).

QDraw was developed on Matlab (Mathworks Inc, Nat-
ick; www.mathworks.com/matlabcentral) with the purpose to
provide a digital, standardized and quantitative approach to
drawings’ analysis, and a detailed manual was created to guide
the user through the procedure and to minimize inter-user
variability (defining for each body part the points of reference
to calculate the dimensions). Additionally, it presents precise
rules to apply in case of exceptional features of the drawing.
The app and the manual are available from the corresponding
author, upon reasonable request.

The current version of QDraw allows to extract, for each
analysed drawing, the presence or absence of target body
features (e.g., head, hair, mouth, left and right eye and ear; left
and right arm, hand, leg and foot) and when applicable their
characteristic (limb connected or not to the rest of the body)
and dimensions. See Table S.1. in Supplementary Materials
for more detailed information.

These parameters were chosen based on previous literature
[18] and according to the aims and interests of this study. The
results are automatically saved in a .txt file.

Fig. 4 provides an example of a human figure drawing
run on QDraw. A description of how drawings’ analysis is
carried out on this application and of the parameters extracted
is provided in the Supplementary Materials.

To validate the use of QDraw for drawings’ analysis, the
sample of human figures drawn by chronic stroke patients was
run by two independent users of the app (QD-U1, IM; QD-U2,
CF). QD-U1 also analysed healthy controls’ drawings with
QDraw.

A third experimenter (EG) manually (M) extracted all pa-
tients’ and controls’ drawings by measuring with graph paper
the same metric parameters of interest.

Statistical analyses were performed using JASP (JASP
Team, 2022; https://jasp-stats.org/) and R (R Core Team,
2022, http://www.R-project.org/).

We considered the following metric parameters of interest:
total height of the human figure, head size, shoulders width,
hips width, torso length, left and right arms length and left
and right legs length. In order to match the measurement unit
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of the manual method, measures from QDraw were converted
from pixels to cm (considering a pixel density of 150 dpi).
Additionally, we systematically assessed the time required by
the digital and the manual method to analyse the same subset
of drawings.

Non-parametric tests were run in case data did not follow a
normal distribution (p-value of Shapiro-Wilk test > 0.05) and
outliers were not removed from the sample.

To reach aim (2) and (3) described in the introduction we
considered stroke patients’ drawings. First, we compared the
time required to digitally and manually analyse the same
subset of drawings (N=10) by the same user (IM). Non-
parametric test (Wilcoxon signed-rank test) were run in case
data did not follow a normal distribution (p-value of Shapiro-
Wilk test > 0.05) and outliers were not removed from the
sample. Secondly, we run correlation (Spearman in case of
non-normally distributed data) on the data manually (M) and
digitally (QD-U1) extracted, and on the data digitally ex-
tracted by the two users of the app (QD-U1, QD-U2) for the
same metric parameters.

To investigate whether human figure drawings by stroke
patients were less characterized than drawings by controls,
we compared the frequency of each represented body part by
running a one-tailed Fisher’s exact test. Multiple comparisons
were corrected with false discovery rates correction (FDR, see
Table 1).

Finally, to reach aim (4) presented in the introduction, data
by QD-U1 for arms and legs were considered. A length IoA
was computed for upper and lower limbs based on the formula
by Nuara et al. [17]:

IoA =
∣
∣
∣
∣

(Le f t − Right )

(Le f t + Right )

∣
∣
∣
∣
× 2 × 100

Data were not normally distributed. The IoA of the arms
was compared to the IoA of the legs through a Wilcoxon
signed-rank test. Legs were considered as a control body part
since motor deficits were absent or milder at the lower limbs
than at the upper limbs (see Supplementary Materials for a de-
tailed description of patients). Similarly, to investigate upper
and lower limb distortions in a non-pathological population,
the same formula [17] was used to compute an arm and leg
IoA for healthy controls’ drawings and the two indices were
compared through a Wilcoxon signed-rank test (data were not
normally distributed).
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