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Case report

‘Pure’ constructional apraxia – a cognitive
analysis of a single case
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We report on a patient affected by selective drawing disabilities.
The patient could correctly reproduce and draw simple geometric
figures on request, but when he tried to reproduce more complex
drawings or to draw common objects he performed very poorly.
To identify the cognitive impairment in this patient, we adopted
two test batteries based on recent information-processing models
of drawing. Results showed that the patient’s drawing disabilities
were independent of visuo-perceptual and executive impairments.
These findings support recent cognitive models of drawing abilities:
some intermediate stages of drawing exist at which information is
processed to prepare and guide motor output, and which may be
selectively disrupted after discrete cerebral lesions.
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1. Introduction

The term ‘constructional apraxia’ (CA) has been
coined to designate a disability in drawing, build-
ing and assembling complex forms in the absence
of apraxia for single movements or deficits of visuo-
spatial analysis [13]. In subsequent years, conflicting
interpretations have been proposed about the nature,
mechanisms and anatomo-functional correlates of CA,
so that the diagnostic label has lost the original mean-
ing and it is now used in a loose descriptive sense, to
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designate ‘all the disturbances that can be observed
during the execution of a constructive task’ [7]; see
also [6, 10].

Recent investigations have suggested that in right
and left brain-damaged patients CA may be due to dif-
ferent functional impairments [5, 11]. Such theoretical
positions implicitly deny the existence of ‘pure con-
structional apraxia’, as originally meant by [13]. For
example, to state that CA’s causal mechanism specific
to right-brain damaged patients is a ‘manipulo-spatial
disorder’ [5] implies that different forms of CA exist
(at least two, depending on the cerebral hemisphere
lesioned), and that ‘constructional disabilities’ are part
of different syndromes among whose possible expres-
sions is the defect in combinatory activity. These same
authors propose that ‘inability of concept formation’
or ‘planning disorders’ may play a role in some forms
of constructional apraxia, but these formulations are
quite vague. The problem remains to identify a syn-
drome which reveals itself in drawing or assembling
and which is not related to any other receptive or ex-
ecutive defect. After the early case studies, no sys-
tematic investigations of patients with ‘pure’ construc-
tional apraxia have been reported. To pursue this target
one ought to renew the classical ‘single-case’ method-
ology by referring to detailed theoretical models with
(hypotheses about) precise definitions of abilities in-
volved in constructional tasks. To this aim, qualitative
error analysis may add relevant data [9].

Quite recently, two models of drawing have been
proposed [8, 16] which identify cognitive processes
involved in copying drawings. The two models differ
in several formal and theoretical respects, but both of
them foresee four main cognitive steps: visuo-spatial
analysis, preparation of the drawing plan, execution
and control processes. For our aim it is not relevant
to address discrepancies between models at this mo-
ment; instead, it must be stressed that these models
try to explain different drawing disturbances by hy-
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pothesizing damage to one or more cognitive compo-
nents of the drawing process. To identify these cogni-
tive deficits the authors devised two different, specific
test batteries. The first [16] comprises several tests in
which a square and a circle have to be drawn or placed
in given spatial relationships. Other tasks of the bat-
tery, involving the same kind of stimuli, foresee visual
matching of two spatial configurations, matching of
spatial configurations to spoken sentences, and judge-
ments of synonymity on printed sentence pairs (the
patient has to judge whether two sentences describe
the same design). The battery is aimed to differentiate
between executive defects and drawing disturbances
dependent on input modality and to assess the ability
to mentally represent spatial relationships. This last
cognitive skill ought to correlate with the ability to
conceptualize drawing plans.

The second test battery [1, 8] comprises two sec-
tions which have been standardized on samples of nor-
mal adults. One section taps basic visuo-spatial skills
(e.g., estimation of length or orientation of lines, es-
timation of relative position of points in space), and
the other explores more complex visuo-spatial abilities
which can be referred to as aspects of spatial cognition
(e.g., mental rotation, identification of geometric fig-
ures hidden within more complex patterns) [6]. The
aim of the authors is to assess visuo-spatial abilities
thought to be involved in the preliminary analysis of
stimuli, and, on the other hand, several aspects of spa-
tial cognition likely related to the elaboration of the
drawing plan. The battery also comprises nonstan-
dardized grapho-motor tasks.

The two testing approaches are thought to tap dif-
ferent components of the drawing process on the ba-
sis of an operational task analysis, but they are quite
divergent. The former is centered on the appreci-
ation of topological spatial relationships (up/down,
right/left) applied to two simple geometric figures;nor-
mal subjects are presumed to perform these tasks flaw-
lessly. The latter battery assesses a range of visuo-
perceptual and representational mental abilities with
several visuo-spatial stimuli; normal performances are
distributed over variable ranges.

For the systematic investigation of the drawing pro-
cess, the two test batteries appear to be complemen-
tary because they explore visuo-perceptual, represen-
tational and executive processing at different levels of
detail and from different viewpoints. In the present
paper we use both batteries and a series of executive
tasks to study long-lasting drawing disturbances in a
patient affected by bilateral brain damage.

2. Case report

GM is a 53 year-old, right-handed man with 8 years
of education. In June 1992 he presented myocardial
infarction followed by a confused state of mind. In
a few days he recovered his mental state. A CT scan
showed a hypodense area in the right parieto-temporo-
occipital junction and a small hypodense lesion in the
left parietal lobe.

One month later, the patient came for observation.
At that time, he was cooperative and well oriented in
time and space. Neurological examination revealed
left hemianopia; no elementary motor or somatosen-
sory defect was present and the patient could stand by
himself. His visually-guided movements were awk-
ward and imprecise: he could recognize objects but
evidenced gross deficits in pointing or reaching them
with either arm. However, the patient could success-
fully imitate transitive and intransitive arm and hand
movements with both upper limbs.

The patient showed slow and laborious visual ex-
ploration of peripersonal space but no evidence of left
hemineglect on sentence reading tasks [14]. Other
tasks (line and letter cancellation) for neglect could not
be used because of his defect in visually-guided arm
movements; verbal description of well-known sites
and places was accurate. The patient was given some
formal tests of a neuropsychological battery [18]. The
patient scored below the normal range only at tests in-
volving presentation of nonverbal material (Table 1):
he achieved a pathological score (below the third cen-
tile) at Raven’s Matrices 1938, and failed the prelim-
inary task of Corsi’s block-tapping test. The patient
could recognize familiar faces and showed only minor
visual errors in recognition and oral naming of 260
line drawings [17], but he failed at a task requiring
recognition of fragmented objects’ silhouettes (Street’s
completion test [18]). Attempts at drawing were com-
pletely disorganized; the patient could not even trace
circles successfully. He could not write his name be-
cause of his enormous difficulties in putting a pen on
paper and in drawing lines in any direction.

He returned for observation in September 1992, four
months after the onset. He could feed and dress him-
self, could sign his name and walk by himself in fa-
miliar surroundings. Visual exploration and visually-
guided arm movements had recovered,while left hemi-
anopia persisted as the only neurological defect. At
that time, the patient was re-assessed on tasks at
which he had obtained pathological scores (Table 1).
He could cope with block-tapping task instructions
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Table 1
Patient’s scores on Mini Mental State Examination and on some neuropsychological tests [18] at 2 and 4 months
after onset

Months after onset 2 4

Raw score
�

Graded score
�

Raw score
�

Graded score
�

MMSE 26/30 – 28/30 –
Word span 4 2 NT
Story recall 8.7/16 2 NT
Token test 30/36 3 NT
Verbal fluency 14 2 NT
Abstract verbal judgements 43/60 2 NT
Street’s completion test 1/14 0 6/14 2
Block-tapping task 0 0 4 1
Supra-span spatial learning NT – 4.9 0
Raven’s Progressive Matrices 16/48 0 16/48 0
Constructional apraxia 2/14 0 6/14 0
�

NT = not tested.�
Graded scores equal to 2 and 3 mean performances between 15th and 50th centile of normal range; graded score

1 means performance at 5th centile, graded score 0 means pathological performance.

and showed normal visuo-spatial short-term memory.
However, he failed in learning supra-span spatial se-
quences and was still defective on Raven’s Matrices.
He could write correctly, but achieved a pathological
score at the task for constructional apraxia requiring
him to copy geometric figures. Thus, GM had greatly
improved, and drawing disturbances were the main
residual cognitive impairment.

3. Special neuropsychological examination

Four months post-onset, our patient could copy and
draw simple figures (square, circle and triangle) in
canonical view on command, while he could not draw
more complex geometric shapes (Fig.1). A specific in-
vestigation of his executive and visuo-perceptual abili-
ties was performed to identify the nature of his drawing
disturbances.

3.1. Executive (grapho-motor) tests

Section 1. Several graphic tasks were given to the
patient to obtain a detailed picture of his drawing pro-
duction and to exploit an error analysis.

(a) Copying geometric figures: we asked the patient
to copy Rey complex figures A and B. Moreover, the
patient was given a standard copying test which in-
cludes 26 figures arranged in 10 tables (Benton Visual
Retention test, Form C, Administration C [2]).

(b) Drawing from memory: The same 10 tables of
the previous copying task were presented one at a time
for 10 seconds. The patient was asked to copy them

after they had been removed (Benton Visual Retention
test, Form C, Administration A [2]).

(c) Drawing on request: the patient was asked to
draw on command 5 unstructured geometric elements
(vertical, horizontal, oblique, parallel, crossed lines),
4 simple geometric shapes (square, circle, triangle,
rectangle), and 4 objects (flower, tree, umbrella, face).

Rey figures were corrected according to standard
procedures [4, 15]. The two administrations of the
Benton Visual Retention tests (copying and drawing
from memory) were scored according to standard pro-
cedures (number of tables correctly reproduced [2]).
The reproduction of each figure was also scored sepa-
rately according to the following criteria: 1 point was
assigned when all lines, and only those, of the drawing
were present, with correct spatial relationships; par-
tially altered or spatially disorganized drawings scored
0. Formal features of the graphic productions were
evaluated by adopting qualitative error analysis [9].
The same criteria were applied for scoring drawing on
request.

Section 2. To ascertain whether the patient’s draw-
ing disabilities could be ascribed to purely grapho-
motor defects we followed Roncato et al.’s methodol-
ogy [16]. Their battery comprises the following tasks:

(a) Copying by drawing: the patient was presented
with a series of designs depicting one square and one
circle in different positions (e.g., the square above the
circle; the circle on the top-left corner of the square).
Each of the 8 possible designs was shown twice for
a total of 16 trials. The patient had to copy designs
without time constraints.
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Fig. 1. Copying geometric shapes: models on upper row, patient’s copies on lower row. The first four models are taken from [18], the fifth one
is the Rey Complex Figure B.

(b) Copying with objects: the same designs as in
a) were given to the patient. He had to reproduce the
designs’ spatial disposition by means of one plastic
square and one plastic circle.

(c) Drawing on command: the patient was asked to
draw a series of drawings containing a square and a
circle following instructions dictated by the examiner
(e.g., draw a square on the right of a circle). Different
relative positions of the elements were tested; a total
of 16 trials was given without time constraints.

(d) Positioning tokens on command: the same in-
structions as in c) were given to the patient. He had
to reproduce the spatial arrangement described by the
examiner by means of a plastic square and a circle.
Sixteen trials were given.

For all tasks of this section 1 point is assigned for
each correct execution; normative data are not avail-
able, but the comparisons among tasks are the most
relevant findings [16].

Results. Our patient’s drawing disabilities were
more evident when he had to manage simple geometric
figures in noncanonical views or complex geometrical
patterns (Table 2). The copy of Rey figure B, which
is basically composed of four simple elements which
the patient could successfully copy as single stimuli,
demonstrated the detrimental effect of stimulus com-
plexity (Fig. 1). Drawing from memory was similar
to copying performance, at a slightly lower level of
accuracy (correct reproductions: 5/26 and 8/26 fig-
ures, respectively). In drawing on request, the patient
could draw simple elements and figures, but none of
his pictures of objects was recognizable.

Qualitative analysis of drawing tasks showed that
a great majority of our patient’s errors (31/39) con-

Table 2
Scores at grapho-motor tasks

Patient’s
scores

Section 1
Copying of Rey figure A 4/36

�

Copying of Rey figure B 4.5/31
�

Benton Visual Retention test, Form C:
– copying (Administration C) 3/10

�

– drawing from memory (Administration A) 2/10
�

Drawing on request:
– geometrical elements 5/5
– geometrical figures 4/4
– objects 0/4

Section 2
Copying drawing 12/16
Copying with objects 11/16
Drawing on command 14/16
Positioning objects on command 13/16
�

Means below controls’ fifth centile.
Norms are taken from [4, 15, 2] for the first three tests, respectively.

Norms are not available for drawing on request and Section 2 tasks.

sisted in spatial distortions, defined as graphic produc-
tions in which some resemblance to the model could
be recognized but lines were drawn in wrong spatial
relationships. In a few cases he produced simplifica-
tions (4/39), i.e., simpler geometrical figures instead of
more complex ones (e.g., a square for a rhombus); his
pictures were unrecognizable only when he drew ob-
jects on command. No perseverations (duplication of
figures or lines within figures), omissions or closing-in
phenomena were observed. Therefore, the patient’s
difficulties were elicited by the presence of complex
spatial relationships in the model, and his errors were
essentially spatial in nature.
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On Roncato et al.’s tasks [16] the patient achieved
fairly good scores, although he made quite a few er-
rors in these very simple tasks. The main finding of
this section is that the patient showed a similar accu-
racy in reproducing spatial topological relationships
by drawing and by use of plastic tokens both with a
visual model and on command. This finding suggests
that, at least with such simple figures, the bottleneck
of his drawing process was not at grapho-motor exec-
utive level. On the other hand, his performance was
very similar with verbal descriptions and visual mod-
els; thus, prima facie evidence from the drawing-on-
command task was not suggestive of a specific defect
in visual exploration.

In summary, grapho-motor task results suggested
that our patient’s defect was spatial in nature, and that
his disorders could not be ascribed to an executive
impairment or to a defect in visual exploration.

3.2. Visuo-perceptual and representational level

Section 1. Roncato et al.’s battery [16] comprised
three tasks not involving motor output. These tasks
were devised to assess the patient’s ability to visually
explore visuo-spatial arrays and derive mental repre-
sentations or spatial relationships from verbal descrip-
tions. As pointed out in the introduction, these tasks
involve only two simple geometric figures (square and
circle) and explore topological spatial relationships be-
tween these two entities.

(a) Visual matching: the patient was presented with
two designs (one above the other) each containing one
square and one circle in varying reciprocal spatial re-
lationships. In half of the trials the two designs were
the same, and in the other half the elements in the two
designs had different relative positions. The patient
had to judge whether the designs were identical or dif-
ferent; a total of 112 trials was given. No time limit
was imposed for judgements.

(b) Design-spoken sentence matching: the patient
was given designs containing one square and one circle
in certain relative positions (e.g., the circle to the left
of the square). Then he was read a sentence describing
the position of the elements in the design, or a different
one (e.g., the circle is to the right of the square). The
patient had to decide whether the description applied to
the design or not. In half the trials the spoken sentence
matched the design, in the other half it did not; a total
of 20 trials was given.

(c) Synonymity judgements with printed sentence
pairs: the patient was presented with pairs of printed

sentences depicting relative positions of the circle and
the square. The task was to decide whether sentences
described the same configuration (e.g., the square is
on the right of the circle – the circle is on the left of
the square) or not. In half the trials sentences were
synonymous and in the other half they were not; a total
of 20 trials were presented.

Normal subjects are thought to perform flawlessly
on this section, but normative data are not avail-
able [16]. Therefore, the patient’s performances were
evaluated by calculating a nonparametric index (A

�
)

of his discrimination ability on these yes-no response
tasks.

Section 2. The tasks for visuo-spatial analysis in-
cluded in Angelini and Grossi’s battery [1] require
subjects to estimate:

(a) the length of 20 lines;
(b) the orientation of 10 lines;
(c) the width of 20 angles; and
(d) the relative positions of 12 points.

These tasks have the format of four-choice recog-
nition, with stimuli presented on the left and the four-
choice display presented on the right. Stimuli are pre-
sented one at a time and subjects have to point to the
only item identical to the stimulus among the distrac-
tors. Each correct response scores 1 point. Tasks
contain items of gradually increasing complexity. For
instance, in the length of line task, the difference in
length between stimuli and distractors gradually de-
creases. In the first items of the line orientation task
the distractors’ slopes differ from those of the stimuli
by 30

�
, while in the last items it differs by 15

�
. In the

point position task, the first items require subjects to
judge the position of only 1 point, and in the last items
of 2 or 3 points.

This and the following section of Angelini and
Grossi’s [1] battery have been standardized on samples
of normal adults. Since performances on most tasks
are significantly influenced by educational level, we
compared the patient’s scores with those of matched
normal controls. For one of these tasks, line orienta-
tion judgements, a longer standardized task is avail-
able, which features different testing and scoring meth-
ods [3]. We also assessed our patient on this test.

Section 3. The second section of Angelini and
Grossi’s battery [1] comprises visuo-spatial tasks
which require subjects to mentally represent spatial
relationships. Subjects are required:

(a) to perform 10 mental rotations;



48 L. Trojano and D. Grossi / Pure constructional apraxia

Table 3
Patient’s scores at visuo-perceptual and representational tests

Patient’s Control’s
scores Mean

Section 1
Visual match A

�
=0.96 –

Sentence-design match A
�
=0.89 –

Sentence-sentence match A
�
=0.87 –

Section 2
Line length 18/20 15,7
Line orientation 7/10 5,4
Angle width 3/10

�
4,6

Point position 9/12 9,6
Benton line-orientation test 27/30 25.6

Section 3
Mental rotation 4/10

�
6,3

Shape identification 6/10
�

7,9
Hidden shapes 0/10

�
5,8

Mental construction 0/20
�

15
�

Means below controls’ fifth centile. Controls’ range refers to
subjects of age and education matching those of the patient [1].

(b) to recognize 10 complex nonsense shapes;
(c) to identify 10 geometric figures hidden within

more complex patterns; and
(d) to mentally assemble parts of geometric figures.

The first three tasks of this section have the same
multiple-choice recognition format as tasks of the first
section. Stimuli for the mental construction task con-
sist of 10 squares randomly subdivided into four parts.
These subcomponents are shown in the display and
subjects are required to identify with which line two
parts are contiguous. Two questions are foreseen for
each stimulus for a total of 20 questions. Each correct
response scores 1 point (maximum score: 20).

The patient’s results were compared with those ob-
tained by normal controls matched for age and educa-
tion [1].

Results. The patient performed successfully in tasks
of Section 1, thus showing his good perceptual ap-
preciation and mental representation of simple topo-
logical relationships (Table 3). Findings of Section 2
demonstrated the patient’s intact abilities to discrimi-
nate line length, line orientation, and spatial disposi-
tion of points. Retention of basic visuo-spatial abili-
ties is also confirmed by Benton et al.’s task results [3].
The only pathological performance on this section was
the appreciation of angle width, but this task is very
difficult for normal subjects too, as revealed by the
very low normative results. Moreover, judgements
about angle width might require more complex spatial
representational abilities.

This finding could tie in with results from Section 3.
Our patient showed pathological results at all tasks of
this section. He could not rotate mental images, al-
though he could generate them, as shown by his good
verbal description of places. The patient could not
successfully perform on any other tasks (i.e., recog-
nition of complex shapes, mental construction tasks,
identification of hidden figures) requiring mental rep-
resentations.

In summary, our patient had retained visuo-spatial
abilities, but showed defects at complex representa-
tional tasks.

4. Discussion

Our patient could correctly reproduce and draw on
request only single geometric figures in their canoni-
cal views. When he tried to reproduce more complex
drawings or to draw common objects on request, his
graphic productions were very poor. We tried to iden-
tify the nature of the drawing disorders by means of
two cognitively-oriented test batteries which may be
considered complementary because they assess cogni-
tive performances from different angles [8, 16].

Tests of Roncato et al.’s battery [16] disclosed no rel-
evant defects of visuo-perceptual and representational
abilities, at the level of simple topological spatial rela-
tionships. Moreover, this test battery excluded any de-
fect at the executive level, since drawing productions
were comparable to composition by tokens, both under
the guidance of a visual model and when the patient
had to cope with verbal instructions. This observation
fits well with data from other copying tasks in which
the patient proved able to reproduce single geomet-
ric elements and figures (e.g., parallel lines, triangle,
rectangle), but failed to process stimuli in which fig-
ural components were assembled with complex spa-
tial relationships. Another clue, suggesting that our
patient’s drawing disabilities must arise from a defect
in elaborating spatial attributes of drawings, was ob-
tained from error analysis: most of our patient’s errors
were gross spatial distortions.

Further investigation ruled out a defect in visuo-
perceptual appreciation of spatial features and coor-
dinates. Instead, our patient failed specifically at so-
called representational tests, which imply the ability to
conceptualize complex spatial relationships. Accord-
ing to Angelini and Grossi [1], such failures should
correlate with impaired ‘central’ elaboration of the
drawing plan: patients selectively unable to solve spa-
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tial representational tasks ought to be unable to plan
drawing execution. Drawing simple figures may pro-
ceed through the activation of overlearned motor sub-
routines (‘constructional lexicon’), while reproducing
complex figures requires sequential activation of sev-
eral subroutines, after making a visuo- spatial analysis
and segmenting the model [13, 8].

Two apraxic patients with right posterior cerebral
lesions have been described who showed gross spa-
tial distortions in reproducing complex models, and
who had a relatively selective deficit in representa-
tional tasks [1] and [16, Case 1]. Although these pa-
tients have not been studied with the present thorough
methodology, their performances were compatible
with an impairment independent of visuo-perceptual
and executive levels, which could be considered equiv-
alent to that identified in the present patient.

Roncato et al. reported another patient (Case 3) with
a right parietal lesion, who showed drawing errors
similar to those made by our patient, but whose per-
formance at their test battery was suggestive of an
executive defect. This observation strongly supports
the need for detailed assessments of visuo-perceptual,
representational and executive abilities, as well as for
analyses of drawing productions, to gain insight into
the nature of a single patient’s drawing disabilities.

To summarize, our patient’s drawing disorders were
independent of elementary visuo-perceptual and ex-
ecutive impairments, although some defects were ob-
served in complex, representational tasks. The present
case study supports the idea that, between the visuo-
perceptual analysis and the realization of graphic out-
put, some intermediate stages of drawing exist, at
which information is processed to prepare and guide
motor output, and which may be selectively disrupted
after cerebral lesions. According to both cognitive
models we have referred to [8, 16], ‘central’ stages
of drawing are related to ‘representational’ abilities,
i.e., to abstract spatial thought, but their relationships
remain to be explicated.

The present case study is an attempt to study con-
structional apraxia on the basis of cognitively-oriented
models. This approach has allowed us to obtain a de-
tailed assessment of the patient’s drawing disabilities
by means of specific testing batteries. The evidence
presented here seems to follow theoretical predictions.
However, further clinical and experimental studies are
necessary to verify validity and heuristic value of these
models.

On the other hand, it is worth remembering that
these models address the drawing process only. This

leaves open several questions about the kind of visuo-
spatial analysis, representational abilities and mo-
tor/executive processing required in other construc-
tional tasks (e.g., building three-dimensional forms),
and their relationships with abilities involved in draw-
ing.
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