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Abstract
The Rey-Osterrieth Complex Figure Test (ROCF) is a widely used neuropsychological test for the evaluation of drawing
disorders in different clinical populations, and, in particular, in persons with neurodevelopmental disorders. The aim of the
present study is to provide normative data for ROCF copying (ROCF-Direct copy) and drawing from memory (ROCF-
Immediate recall) in Italian-speaking children. The sample consisted of 348 children (147 males and 199 females), aged 7–
11 years, recruited from elementary schools in Southern Italy. Normative data were gathered from 312 participants fulfilling the
inclusion criteria, and estimated centiles were obtained according to the LMS method providing normalized growth centile
standards. Results showed a significant effect of age on performance in both tasks, with a steady increase of drawing accuracy,
whereas participants’ gender and mean level of parental education did not exert any significant effect. Thus, normative data were
stratified by age, and percentile scores were provided allowing a practical use of the ROCF for the clinical evaluation of drawing
abilities in both typical and atypical children.
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Introduction

In clinical neuropsychology, evaluation of drawing abilities is
a central step of formal assessment since a failure in drawing
tasks, such as copying a geometrical figure, can be observed in
several clinical populations, both in the adult [1–3] and in the
developing brain [4–6].

In literature on drawing and drawing disorders, one of the
most used tasks is the Rey-Osterrieth Complex Figure Test
(ROCF). The ROCF was first developed by Rey [7] and then

standardized by Osterrieth [8] who devised a scoring system
to formalize Rey’s administration procedure, and also provid-
ed normative data on 230 children and 60 adults. From then
on, the ROCF became a widely employed neuropsychological
test in both clinical and research settings: it is actually used to
assess different cognitive abilities such as visuospatial pro-
cessing, visual memory, problem solving, planning, and
visuomotor coordination [9, 10].

Traditionally, the ROCF is a gold standard for assessing
constructional apraxia in adult patients with focal brain lesions
and neurodegenerative diseases [1–3], but it has also been
considered a useful test to evaluate cognitive functioning in
childhood and adolescence [8, 11, 12]. The ROCF task usu-
ally involves both copying the complex figure and then repro-
ducing it from memory, immediately, following a delay or
both. In children, between the ages of six and eight, relevant
changes in ROCF copying seem to be related to an improve-
ment in visual perception and organization [6, 11], while by
age 9, a reliable production of all parts of the figure can be
observed, and changes after that age tend to reflect the in-
creased capacity to plan and organize the reproduction of the
figure [13, 14]. For ROCF immediate recall, classical studies
showed that more than half of children between the ages of 5
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and 14 were able to reproduce ROCF from memory immedi-
ately after copying it; more in general, errors decrease at each
age level, such that 5 years old tend tomake significantly more
errors than older children [15].

The employment of both ROCF tasks is valuable in clinical
settings for the neuropsychological examination of develop-
mental disorders. For instance, a poor performance on ROCF
copying has been related to intellectual functioning in children
with ADHD [16] or to defective visuo-constructional and ex-
ecutive functions [17, 18]; the ROCF drawing from memory
performance is significantly associated with visuospatial mem-
ory deficits in early unilateral brain injury [19].

While different studies have provided normative data for the
ROCF with developmental populations in many Spanish-
speaking countries [14, 20] and in US populations [13, 15], no
normative data have been published for Italian-speaking children.
Indeed, in Italy, normative data are available for the ROCF with
adult populations [21–23], but not with pediatric ones.

Here, we aimed at bridging this gap by providing normative
data for both ROCF copying and ROCF immediate recall. In
particular, we focused on elementary school children since, as
recalled above, previous studies showed that children’s ability
to reproduce the ROCF improves dramatically in this develop-
mental stage [6].

Methods

Participants

Study participants were recruited from elementary schools lo-
cated in the Campania region, Southern Italy. To be included in
the study, each participant had to meet the following inclusion
and exclusion criteria: (i) a normal score (> 15th percentile) at
the Raven’s Colored Progressive Matrices test (CPM) [24, 25];
(ii) age ranging from 7 to 11 years; (iii) lack of neurologic,
neuropsychological, or neuropsychiatric disorders, as reported
by either parents or teachers; and (iv) Italian as native language.

A sample of 348 children (147 males and 199 females) was
recruited for the study, but only 312 (130 males and 182 fe-
males; mean age of 9.2 years, SD = 1.2) scored higher than the
15th percentile at the CPM, according to the Italian normative
data [24] and satisfied the other inclusion criteria. Prior to
testing, informed consent to children’s participation was ob-
tained from a parent or legal guardian. The study was ap-
proved by the Local Ethic Committee, and performed in ac-
cordance with the ethical standards laid down in the 1964
Declaration of Helsinki.

ROCF procedure

The original ROCF was used [7] including 18 elements.
Scoring followed the classical procedure [8] described in the

original manual [26]: 2 points are given when the element is
correctly reproduced; 1 point is given when the reproduction
is either (i) distorted or (ii) incomplete but placed properly, or
(iii) complete but placed poorly; 0.5 point is attributed when
the element is distorted or incomplete and placed poorly; a
score of 0 is given when the element is absent or is not recog-
nizable. The maximum score for each of the two tasks (copy-
ing and immediate recall) is 36.

A trained examiner administered the ROCF copying
(ROCF-Direct copy), and after 3 min, the ROCF-Immediate
recall was given. To perform the ROCF-Direct copy, the fig-
ure was placed in front of the participant, who was required to
copy the figure as accurately as possible. When copying the
figure was completed, the stimulus was removed from sight.
After a 3-min delay, the participant was required to reproduce
the figure from memory without forewarning. The delay in-
terval was filled with a distracting conversation between the
examiner and the participant. It is worth noting here, that the
participant completed the both ROCF tasks using the same
black pencil, since the use of colored markers can lead the
participants to easy distractibility [10].

Statistical analysis

The overall sample was stratified by age in 8 groups (Table 1);
each group encompassed a 6-month age range consistent with
previous normative studies (e.g., [27]).

An a priori power analysis for a factorial analysis of vari-
ance (factorial ANOVA) was performed with G*Power 3.1 by
setting the following parameters: probability level (α), 0.05;
statistical power (1 − β), 0.80; moderate effect size (Cohen’s f
of 0.25); number of groups in the factorial design, 32; numer-
ator degree of freedoms, 7 (i.e., age group levels − 1 × sex
factor levels − 1 ×mean level of parental education − 1) [28].

Factorial ANOVAwas employed to evaluate the effects of
age groups, sex, and mean level of parental education on
ROCF-Direct copy and on ROCF-Immediate recall. In partic-
ular, following Arango-Lasprilla et al. [20], the mean level of
parental education (MLPE) variable was obtained splitting the

Table 1 Normative sample stratified by age

Age range (years, months–years, months) Total

7.0–7.5 29

7.6–7.11 30

8.0–8.5 44

8.6–8.11 29

9.0–9.5 33

9.6–9.11 37

10.0–10.5 53

10.6–10.11 57

Total 312
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sample into two categories: participant’s parent(s) with low
education (MLPE ≤ 12 years) and participant’s parent(s) with
high education (MLPE > 12 years). The Bonferroni test was
used for post-hoc analysis.

Estimates of ROCF-Direct copy and ROCF-Immediate re-
call centiles were obtained using the LMS method [29], which
provides a way for obtaining normalized growth centile stan-
dards. The method assumes that data can be normalized using a
power transformation, which stretches one tail of the distribu-
tion and shrinks the other. The optimal power (i.e., Box-Cox
power transformation) to obtain normality is calculated for each
age group and the trend summarized by a smooth (L) curve.
Trends in the mean (M) and coefficient of variation (S) are
similarly smoothed. The resulting L, M, and S curves contain
the information to draw any centile by the following formula:

C ¼ M 1þ LSZð Þ1=L

where Z is the value of z-score corresponding to centile. The
3rd, 5th, 10th, 15th, 25th, 50th, 75th, 90th, and 97th centiles
were chosen as age-specific reference values.
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Fig. 2 Estimate of ROCF-Immediate recall centiles. Green, blue, light
blue, purple, yellow, gray, and black curves represent 3rd, 5th, 10th, 25th,
50th, 75th, and 90th percentile, respectively

Fig. 1 Estimate of ROCF-Direct copy centiles. Green, blue, light blue,
purple, yellow, gray, and black curves represent 3rd, 5th, 10th, 25th, 50th,
75th, and 90th percentile, respectively
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All analyses were performed using IBMStatistical Package
for Social Science (SPSS) version 20, with p value < 0.05
considered as statistically significant.

Results

Descriptive statistics for each age group are reported in
Table 2. The a priori power analysis revealed that at least
238 participants (30 for each age group) were needed to attain
a moderate effect size.

Factorial ANOVA showed a significant main effect of age
group on ROCF-Direct copy (F = 6.16, p < 0.001, η2p = 0.15),
and ROCF-Immediate recall (F = 3.50, p = 0.001, η2p =

0.091). No further significant main effect or interaction was
observed (for details see Supplementary Table 1).

Post-hoc analysis showed statistically significant differ-
ences in ROCF-Direct copy scores between 7.0–7.5 and
10.0–10.5 or 10.6–10.11 age group. Similarly, significant dif-
ferences were found between 7.6–7.11 and 8.0–8.5 or 10.0–
10.5 or 10.6–10.11 age group. As for ROCF-Immediate recall
scores, significant differences were found between 7.6–7.11
and 10.0–10.5 or 10.6–10.11 age group.

Centile curves [29] for ROCF-Direct copy and ROCF-
Immediate recall scores are provided in Figs. 1 and 2, respec-
tively. ROCF-Direct copy and ROCF-Immediate recall
centiles are reported in Table 3.When the percentile of interest
is not available, it is possible to estimate it by abovementioned

Table 3 Age-specific percentiles of Rey-Osterrieth Complex Figure Test for typical developing children

Centiles
Age range(years, months–years, months) L S 3rd 5th 10th 15th 25th 50th (M) 75th 90th 97th

Direct copy

7.0–7.5 1.53 0.28 8 11 15 17 20 25 29 33 36

7.6–7.11 1.40 0.27 10 12 15 17 20 24 29 32 36

8.0–8.5 1.43 0.17 18 19 22 23 25 28 32 34.5 36

8.6–8.11 2.46 0.17 16 19 22 24 26 30 33 36 36

9.0–9.5 2.29 0.20 11 14 19 21 24 28 32 35 36

9.6–9.11 2.46 0.19 11 15 19 21.5 24 28.5 32 35 36

10.0–10.5 3.44 0.14 13 19 23 25 28 31 34 36 36

10.6–10.11 2.11 0.15 20 21 24 25 27 31 34 36 36

Immediate recall

7.0–7.5 0.62 0.63 1 2 2 5 7 11 16 21 27

7.6–7.11 0.54 0.51 3 3 5 6 7 10.5 14.5 18.5 23

8.0–8.5 0.59 0.56 2 3 5 6 8 12 17 23 28

8.6–8.11 0.47 0.49 4 5 6 7 9 13 18 23 29

9.0–9.5 0.94 0.39 4 5.5 8 9 11 15 19 23 26

9.6–9.11 0.56 0.46 4 5 7 8 10 14 19 23.5 29

10.0–10.5 0.83 0.46 3 5 7 9 11 16 21 26 31

10.6–10.11 0.80 0.44 4 5 7 9 11 16 21 25.5 30

Table 4 Bonferroni post-hoc analyses for Direct copy (above the diagonal) and Immediate recall (below the diagonal)

Age range
(years; months–years; months)

7.0–7.5 7.6–7.11 8.0–8.5 8.6–8.11 9.0–9.5 9.6–9.11 10.0–10.5 10.6–10.11

7.0–7.5 1.000 0.124 0.017 1.000 0.436 < 0.001 < 0.001

7.6–7.11 1.000 0.040 0.005 0.438 0.168 < 0.001 < 0.001

8.0–8.5 1.000 1.000 1.000 1.000 1.000 0.831 1.000

8.6–8.11 1.000 1.000 1.000 1.000 1.000 1.000 1.000

9.0–9.5 1.000 0.324 1.000 1.000 1.000 0.215 0.403

9.6–9.11 1.000 0.682 1.000 1.000 1.000 0.399 0.735

10.0–10.5 0.062 0.010 0.287 1.000 1.000 1.000 1.000

10.6–10.11 0.096 0.017 0.445 1.000 1.000 1.000 1.000

Significant differences are signed in italic
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formula and considering the LMS parameters associated to
each age group (Table 3). For example, to compute the 95th
percentile (corresponding to z-score equal to 1.64) of ROCF-
Direct copy for 9.0–9.5 age group, the formula above be-
comes 28 × (1 + 2.29 × 0.20 × 1.64)1/2.29 = 35.76 which can
be approximated to integer score of 36.

Discussion

In the present study, we provided normative data of the
ROCF-Direct copy and the ROCF-Immediate recall for
Italian-speaking elementary school children, since at the mo-
ment, Italian normative data are available for adults only.

Results showed a significant main effect of age on perfor-
mance on both drawing tasks; in particular, for the ROCF-
Direct copy, we found that although performance steadily in-
creased as a function of age, a remarkable improvement was
observed when comparing younger children (7 to 7.11) with
older ones (10 to 10.11), whereas less relevant differences
were found across younger children. These results nicely fit
a classical study by Akshoomoff and Stiles [11] who conduct-
ed a series of experiments to analyze performance on the
ROCF-Direct copy in 6- to 12.8-year-old participants, and in
a group of adults. The authors found that the most relevant
changes in drawing performance could be detected at about
10 years although a steady increase in different aspects of
drawing accuracy and strategy could be observed from6 years.
More recently, Arango-Lasprilla et al. [20] provided norma-
tive data of both ROCF-Direct copy and Immediate recall
(3 min) on a large sample of children and adolescents from
different Latin American countries and Spain. The results
showed that age was significantly related to the total score
of both ROCF tasks, so that scores increased notably between
ages 6 and 13, while the increase slowly reduced after about
the ages 13–14. Consistent with these results, here, we found
that performance on the ROCF-Immediate recall was signifi-
cantly affected by age with a trend analogous to that observed
for the ROCF-Direct copy. These findings are also in line with
those from the Senese et al.’s study [30], which investigated
the cognitive predictors of ROCF performance in elementary
school children and found that age correlated with both
ROCF-Direct copy and Immediate recall, as well as with al-
most all cognitive measures assessing visuospatial abilities
(Table 4).

Besides the participants’ age, other variables such as par-
ticipants’ sex and parental education might play a role in
ROCF drawing; however, here, we did not find any effect of
these parameters on ROCF performance. As for the partici-
pants’ sex, our results fit with previous findings on children
[20, 30] and adults [22, 31], whereas as for parental education,
available data are less straightforward. Indeed, while there is
some evidence that parents’ demographics, such as the

socioeconomic status, can influence the developmental trajec-
tory of spatial abilities [32, 33], the relationship between par-
ents’ demographics and drawing skills is much less under-
stood. For instance, Levine et al. [34] investigated predictors
of preschoolers’ spatial transformation skills and found that
children who were observed playing with puzzles between 2
and 4 years of age performed better on a spatial task (mental
transformations of 2D figures) than those who did not, irre-
spective from parental education and income. The findings
from Arango-Lasprilla et al. [20] were instead more complex
since parental education was associated with the ROCF-Direct
copy score in Chile, Puerto Rico, and Spain, whereas it was
associated with the ROCF-Immediate recall score in Paraguay
and Spain, although for both tasks children whose parents had
more than 12 years of education scored significantly higher
than children whose parents had an education below 12 years.

Taking into account the abovementioned data, in the pres-
ent study, we explored the effect of socioeconomic status, as
indexed by parental education [20, 35], on ROCF perfor-
mance. Our results showing no effect of parental education
on both copying and immediate recall of the ROCF were not
fully consistent with Arango-Lasprilla et al.’s [20] data on
Spanish-speaking participants, whereas they were in line with
Senese et al.’s [30] data on Italian-speaking elementary school
children showing that socioeconomic status did not signifi-
cantly influence ROCF copying and drawing from memory
performance.

The results of the present study have useful clinical impli-
cations, since we provided normative data for the ROCF in an
age range so far unavailable for Italian population. Indeed,
established norms for Italian-speaking elementary-school
children allow clinical neuropsychologists to use this well-
consolidated test as part of their formalized assessment proto-
cols in order to assess visuospatial, visual-motor, and visual
memory abilities in children with developmental disorders.
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