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Abstract

Background. Visuoconstruction is the ability to visualize an object or a picture as a set of parts
and then to reproduce the original from these parts. It is implied that visuoconstruction is
determined by multiple cognitive factors. To gain a more in-depth understanding of
visuoconstruction, the Rey-Osterrieth Complex Figure (ROCF) was used. We investigated
whether visuoconstruction is a unitary concept or whether it comprises the combination of other
cognitive functions. Further, we examined whether drawing strategies of patients are related to
performances on other cognitive tasks.

Methods. One hundred and twenty-three neurologic patients were selected from the
Neuropsychology database of the University Medical Centre Utrecht (UMCU). Stepwise
multiple regression analyses were performed to assess the contribution of visuoperception,
visual motor transformation and executive functions in visuoconstruction. Mann-Whitney U
tests were used to assess whether patients with an impaired performance in proposed underlying
components of drawing used a less efficient drawing strategy than patients with unimpaired
performance.

Results. Performances on executive functioning tasks did not impact ROCF performance, while
performances on a visuoperception task and visual motor transformation task modestly
impacted ROCF performance. Less efficient drawing strategies in the copy condition of the
ROCEF were related to impaired performances on working memory, inhibition and visual motor
transformation measures. When drawing from memory no relationship was found.
Conclusion. Our results suggest that visuoconstruction is a unitary concept. When copying the
ROCF, we found the drawing strategy to be related to performance on working memory,

inhibition and visual motor transformation tasks.

Keywords: Cognition, visuoconstruction, Rey Osterrieth Complex Figure, cognitive

mechanisms, drawing strategy



Introduction

Visuoconstruction can be described as the ability to visualize an object or picture as a set of
parts and then to reproduce the original from these parts (Mervis, Robinson, & Pani, 1999). It
is a key cognitive function in everyday life such as making a bed, buttoning shirts and drawing
(Mervis et al., 1999). An impaired visuoconstruction ability is associated with a decline in the
performance of instrumental activities of daily living, such as driving (Gallo, Rebok, & Lesikar,
1999). Patients with diverse neurological disorders including Alzheimer’s disease (Berry,
Allen, & Schmitt, 1991), Mild Cognitive Impairment (Kasai et al., 2006), Parkinson’s disease
(Grossman et al., 1993), vascular dementia (Cherrier, Mendez, Dave, & Perryman, 1999) and
mild head injury (Leininger, Gramling, Farell, Kreutzer, & Peck, 1990) often present with
impaired visuoconstructional skills.

Visuoconstruction as a concept was first described by Kleist in 1934 and called
constructional apraxia (CA). Kleist defined CA as the inability of patients to integrate
perceptual information and motor processes. As a consequence, patients with CA are unable to
make purposeful actions even though their senses and motor capacity are intact (Benton, 2000,
p-117). The term visuoconstruction is now used more loosely and is often applied to describe
patients who have difficulty with copying or constructing objects regardless of the presence or
absence of underlying cognitive deficits (Walsh, 1987, p.227). Since multiple cognitive
functions are involved in visuoconstruction, it is suggested that visuoconstruction is not unitary
in nature (Carlesimo, Fadda, & Caltagirone, 1993; Possin, Laluz, Alcantar, Miller, & Kramer,
2011). For instance, Grossman et al. (1993) found that visuoconstruction in patients with
Parkinson’s disease is multifactorial, including executive functioning, visual perception and
motor functioning. Another study by Avila et al. (2015) showed that working memory and
cognitive flexibility (components of executive functioning) are crucial for good performance
on visuoconstructional tasks, demonstrating that these functions are intricately linked to
planning and visuoconstruction. Adequate visuoconstruction seems to be the result of multiple
cognitive functions, making it difficult for clinicians to decide to which cognitive concept poor
performance should be attributed.

There are numerous tests that can be used to assess visuoconstruction in patients. The
Rey-Osterrieth Complex Figure (ROCF) (Osterrieth, 1944) is a commonly used test in clinical
practice (Spreen & Strauss, 1998). In this test, patients are asked to copy a complex geometric
figure (copy condition). Depending on the administration procedure, patients can then be asked

to immediately recall the figure and/or recall the figure from memory after a delay (often 20



minutes). In the delayed condition, incidental visual memory is measured because patients are
not forewarned. Visuoconstruction tasks such as the ROCF require diverse cognitive processes
including attention, concentration, visual perception, fine motor skills and components of
executive functioning (Freeman et al., 2000; Schreiber, Javorsky, Robinson, & Stern, 1999;
Shin, Park, Park, Seol, & Kwon, 2006; Somerville, Tremont, & Stern, 2000). This makes the
ROCF a very sensitive, but non-specific test. One way of trying to improve clinicians’
understanding of a patient’s behaviour, therefore, has been to use quantitative as well as
qualitative methods. The most frequently used quantitative method is the Meyers and Meyers
scoring system (MQSS) (Meyers & Meyers, 1995). This system divides the figure into 18
elements and looks at the presence and accuracy of each element. In a study of left-brain
damaged stroke patients using a piecemeal drawing approach, Binder (1982) showed that they
sometimes manage to perform adequately. This suggests that the quantitative scoring system
might not be comprehensive enough to evaluate patients’ performances thoroughly as the
disorganized drawing approach, possibly caused by an impairment, is not captured by the
quantitative scoring system. This suggests that studying qualitative aspects might be valuable.
Preliminary work done by Osterrieth in 1944 (Corwin & Bylsma, 1993), further developed by
Boelema, Ruis and Van Zandvoort (2015), indicates that the same seven drawing strategies are
used when copying or drawing the ROCF from memory. They found drawing strategy 1 to be

the most efficient and strategy number 7 the least efficient (Table 1).

Table 1. Efficient and inefficient drawing strategies used during copying or recalling the ROCF
(Boelema et al., 2015; Osterrieth, 1944)

Drawing strategies

Efficient Not efficient

1. Starting with the central rectangle, 4. Specific subcomponents are copied
adds details in relation to the whole without clear organisation
figure

2. Starting with a detail or 5. Details are copied without an
subcomponent, finishes rectangle organisational structure
and adds details

3. Starting with the contour of the 6. Draws a similar object (boat or
figure, then adds internal details/ house)
draws from left to right or top to
bottom

7. Scribbling

To be able to copy a complex figure, different steps need to be performed (Figure 1).

First, the person needs to look at the complex figure. By making automatic as well as voluntary



eye movements, the figure and spatial relationships are analysed. In order to adequately explore
the figure, cognitive control is required to direct voluntary eye movements. The Frontal Eye
Field (FEF) in the cortical region and the superior colliculus (subcortical) control voluntary eye
movements (Paus, 1995; Schiller, True, & Conway, 1980). Then the person needs to prepare
the drawing plan (for which the representation of visual information is needed). This plan is
made by segmenting the figure into parts (production strategy), followed by selecting and
ranking the parts to enable reproduction in a logical sequence (contingent planning) (Van
Sommers, 1989). When performing these steps, short term memory (visuospatial sketchpad) is
used. The visuospatial sketchpad, a part of the working memory, holds and manipulates
visuospatial information (Baddeley & Hitch, 1994). The drawing is then transformed into a
motor program. While executing the drawing plan, the person needs to check the accuracy of
the drawing (Grossi & Trojano, 1999, pp.441-450). When drawing from memory, the semantic
system 1is activated after hearing the verbal instruction. The person then retrieves the visual
representation from the long-term visual memory instead of looking at the figure (Guérin, Ska,
& Belleville, 1999). Thereafter, the drawing process involves the same cognitive components
(Figure 1). During drawing, bottom-up and top-down processes can be used (Kosslyn &
Koenig, 1992). Bottom-up processes are used for spatial properties, which include categorical
relations (the spatial relationship between objects), coordinate relations (the metric relationship
between objects) and spatiotopic mapping. Spatiotopic mapping enables the person to locate
objects in space and within a reference frame (Guérin et al., 1999). Top-down processes
(involve controlled as well as automatic processes) can be used for the properties of a stimulus
and for directing attention to different parts of a stimulus (Kosslyn & Koenig, 1992). On a
neural basis, adequate drawing requires the activation of a wide neural network. A symptom-
lesion study by Biesbroek et al. (2014) found the superior temporal, frontal, posterior parietal
and middle occipital cortices of the right hemisphere to be involved in ROCF performance.
Another study with focal brain-damaged patients, found both hemispheres to be involved in

ROCEF performance (Chechlacz et al., 2014).
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Figure 1. A simplified cognitive model of copying and drawing complex figures from memory.

The figure is created based on elements of Van Sommers’ (1989), Roncato, Sartori, Masterson, & Rumiati’s (1987), Kosslyn and
Koenig’s (1992), Guerin et al.’s (1999) model. It is a simplified model representing the cognitive processes involved in copying
and drawing complex figures from memory. Single arrows are the steps involved in copying. Double arrows are the steps involved
in drawing from memory. Performance monitoring during copying involves visual feedback and shifting attention. Performance
monitoring during drawing from memory is internal, checking whether the output is in accordance with the original goal. The grey
boxes with the name of neuropsychological tests are measures that represent and assess the main cognitive components of
copying and drawing from memory. JLO; Judgement of Line Orientation; CORVIST, Cortical Vision Screening Test; CWIT, Colour
Word Interference Test; TMT- A, Trail Making Test- Part A; ROCF, Rey Osterrieth Complex Figure.

Based on the above review, it implies that visuoconstruction is determined by multiple
factors. The main aim of the study is, therefore, to gain a more in-depth understanding of
visuoconstruction using the ROCF. We investigated whether visuoconstruction can be used as
a unitary concept or whether it (just) comprises the combination of multiple cognitive functions.
We expected that visuoconstruction as a construct is a combination of different cognitive
functions. Accordingly, we expected that poor visuoperception, poor executive functions and
visual motor transformation difficulties will negatively impact ROCF performance. The second
aim of the study was to investigate whether evaluating the drawing strategy could provide
additional diagnostic information. Since drawing appears to involve multiple cognitive
components, we wanted to know whether the drawing strategies identified by Boelema et al.

(2015) and Osterrieth (1944) reflect cognitive impairments in the different underlying cognitive



components. We expected patients with cognitive deficits in visuoperception, executive
functions or visual motor transformation to use a less efficient drawing strategy than patients

without cognitive impairments in these cognitive functions.

Methods

Participants

Patients for the study were drawn from the Neuropsychology database of the Department of
Neurology and Neurosurgery at the University Medical Centre Utrecht (UMCU). This database
holds records of neurologic patients who were referred for a neuropsychological assessment at
the hospital’s outpatient clinic. The database was established in 2010 and is constantly updated
since. Only the data from 2015 was taken into account since this is the moment
neuropsychologists began to evaluate patients on their drawing strategy when performing the
ROCEF. Inclusion criteria included: (a) complete data on the ROCF (outcome score and drawing
strategy), (b) no indication for underperformance (malingering) and (c) no missing data on
specific neuropsychological tasks (see measures). If eligible patients had undergone a
cognitive- re-examination, only the data of the first neuropsychological report was taken into

account, so only first-ever assessments were included.

Measures

The Judgement of Line Orientation (JLO) and/or Cortical Vision Screening Test (CORVIST),
Digit Span Backward test (subtest of the WAIS-1V), Trail Making Test- Part A (TMT-A) and
Colour Word Interference Test (CWIT) were used to represent and assess the cognitive
functions that are involved in executing the individual steps of copying and drawing a complex
figure from memory (ROCF) (Figure 1). To measure patients’ ability to perceive stimuli and to
analyse spatial relationships the JLO and/or CORVIST were used. The third stimulus card of
the CWIT was used to measure the ability to selectively attend to specific information of a
stimulus while ignoring irrelevant information. The Digit Span Backward test was used to study
patients’ ability to manipulate information (put segmented parts in a logical sequence). Being
able to transform a visual image into a motor movement was measured by using the TMT-A.
Card four of the CWIT was used to examine the ability to constantly switch the attention

between different stimuli.



Visuoperception tasks (JLO (Benton, Hamsher, Varney, & Spreen, 1983) / CORVIST
(James, Plant, & Warrington, 2001)). A short form of the JLO was used to measure visuospatial
perception. Before starting the test, patients got five practice items. The mistakes made during
the practice items were corrected by a neuropsychologist. No further feedback was given during
the test. Patients indicated which two lines from the array had the same spatial orientation as
the two presented lines above the array. There was no time limit. One point was given for every
correct trial (i.e. both lines were identified correctly). No point was given for one or no correct
answer. The score on the short form was converted to the long form score by multiplying the
total score by two. The maximum possible score was 30 points. The higher the score, the better
the performance. The CORVIST, a screening task, was also used to assess visuoperception.
Nine of the ten subtasks were administered. Visual acuity (symbol acuity) was assessed first.
Thereafter higher-order visual problems were assessed.

Visual motor transformation task (TMT-A; Reitan, 1955). Patients were given a piece of
paper with twenty-five circles. A line between the circles had to be drawn as fast as possible in
ascending order. It was not allowed to let go of the paper with a pencil. The total time (in
seconds) that was needed to complete the task was noted. If a mistake was made, patients were
immediately corrected by a neuropsychologist. Errors indirectly contributed to the performance
on the task because they cost extra time to correct. The more time needed, the worse the
performance.

Executive functioning is a broad cognitive function. In the current study, the findings of
Miyake et al. (2000) were used to operationalize executive functioning. They say that executive
functioning is composed of three related, yet distinct, executive functions including inhibition
(inhibiting dominant responses), shifting (switching between tasks or mental sets/cognitive
flexibility) and updating (updating and monitoring working memory contents). Three tasks
were used to measure these components of executive functioning.

Inhibition task (CWIT — stimulus card; Delis, Kaplan, & Kramer, 2001). Patients were
given a stimulus card containing the words “red”, “green” and “blue” which were printed
incongruently in red, green or blue ink. They named the colour of the ink as fast as possible and
tried to make no mistakes. The completion time was noted. A longer time needed to complete
the task indicated a worse performance.

Cognitive flexibility task (CWIT — stimulus card 4; Delis et al., 2001). Patients got a
stimulus card with the name of colours (“red”, “green” and “blue”) that again were printed
incongruently. Some of the words were presented in a box. They were asked to name the colour

of the ink in which the words were printed (like in the third condition). Whenever a word was



presented in a box, patients needed to read the word aloud. They completed the task as quickly
as possible without trying to make mistakes. The more time needed, the worse the performance.

Working memory task (Digit Span Backward test (WAIS-1V); Wechsler, 2008). Digit
series were read to the patients after which they were asked to repeat the number sequences
backwards. The number sequences increased in length. Each item consisted of two trials (two
sequences of the same length). If patients correctly repeated one or two same length digit series
the next item was administered by the neuropsychologist. The number sequence of every
following item was extended by one digit. If both trials (same digit span length) were repeated
incorrectly the task was stopped. Every item was scored, and a sum score was calculated. A
higher score indicates better performance.

The ability to copy and draw a complex figure from memory was assessed with the
ROCEF. In the copy condition, patients were asked to copy a complex line figure as accurately
as possible on a blank piece of paper. In the delayed condition, patients were asked to draw the
same figure once again but from memory. A 20-minute delay was used. There was no time
limit. Performance on the task was evaluated by dividing the figure into 18 elements and
assessing the presence and accuracy of every unit. A maximum score of 36 points could be
obtained. The higher the outcome score on the ROCF the better the performance (Osterrieth,
1944). The used drawing method was observed by a neuropsychologist and classified according

to the different drawing strategies identified by Osterrieth (1944) and Boelema et al. (2015).

Design

For the current study a cross-sectional observational design was used.

Procedure

All patients were referred by a neurologist or neurosurgeon for a neuropsychological
assessment. The neuropsychological assessment was done by a neuropsychologist in the setting
of standard clinical care; therefore, no informed consent was needed. During the assessment,
the above-mentioned tests were administered as part of a larger test battery. The total test
administration time took approximately two hours. The neuropsychological assessment

procedures described by Lezak et al. (2004, pp. 100-132) were followed.

Analysis
Data preparation. Prior to the statistical analyses, the raw neuropsychological test scores were

corrected (for age, sex and education) when normative data was available. Depending on the



scoring procedure of the test, the adjusted scores were subsequently converted into percentiles
or scaled scores (except for the dependent variable). The independent variables were
dichotomized, being scored as “unimpaired” for patients with unimpaired performance on a
cognitive task and “impaired” for patients with impaired performance. “Impaired” was defined
as a performance of 1 or more standard deviation(s) (SD) below the mean of the normative
sample. Performances > -1 SD the mean of the normative sample were defined as
“unimpaired”. In the case of percentile scores, the 16" percentile (-1 SD) marked the cut-off
point. Patients with a performance below the 16" percentile were assigned to the impaired group
and patients with a performance > 16" percentile were assigned to the unimpaired group. In
the case of the scaled scores (M = 10, SD = 3), a scale score of 7 (-1 SD), marked the cut-off
point. Patients with a performance < 7 were assigned to the impaired group and patients with
a scale score > 7 were assigned to the unimpaired group.

ROCEF. The raw test scores in the copy and delayed condition were adjusted for age and
education level. Normative values by Caffara et al. (2000) were used to calculate the adjusted
scores. The adjusted scores were used in the analyses.

Visuoperception (JLO/CORVIST). Exploratory analyses revealed that excluding
patients that did not complete the JLO would reduce the sample size considerably. As a smaller
sample size reduces the statistical power, we decided to create a composite score for
visuoperception. By making a composite score, we were able to get a general measure of the
impact of visuoperception on ROCF performance. Patients were divided into two groups based
on their performance on the JLO/CORVIST or their performance on both tasks. For the JLO
the normative values of Benton (1983) were used to correct the raw scores for age and gender
and to transform the scores into percentile scores. The CORVIST has no normative values
(normal healthy subjects are expected to show a 100% correct performance). In clinical
practice, a 95% correct performance is accepted. In the present study patients’
neuropsychological reports, as stored in the electronic patient database of the hospital, were
read if the CORVIST was a part the patients’ test battery and more than 1 mistake was made.
The neuropsychological reports were consulted to see if the mistakes were made on one subtest
or on multiple subtests. If more than one mistake was made on one of the subtests, the
neuropsychologists’ evaluation was read to see whether visuoperception was evaluated as
impaired or unimpaired. Based on their evaluation patients were assigned to the unimpaired

group or the impaired group in the current study.
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Visual motor transformation (TMT-A). Raw scores were adjusted for age and education
level using the normative values of Schmand, Houx and de Koning (2012). The scores were
converted into percentiles.

Inhibition and cognitive flexibility (CWIT stimulus card 3 and stimulus card 4). Raw
scores on the CWIT were transformed into scaled scores based on the normative values of the
D-KEFS Colour Word Interference Test. The scaled contrast score inhibition/switching vs
combined colour naming and word naming and scaled contrast score inhibition/switching vs
inhibition were used in the current study.

Working memory (Digit Span Backward test). Normative scores of the WAIS-IV were
used to correct the raw scores for age and to transform the scores into scaled scores. The scaled

scores were converted to percentiles.

Statistical analyses. All statistical analyses were performed using IBM SPSS Statistics 25 (IBM
Corp, 2017). Pearson correlations were computed (one-tailed) to explore the relationships
between the dependent and predictor variables and to check for multicollinearity between the
predictor variables (correlation coefficient > .80; Field, 2015, p.325). Thereafter, a stepwise
multiple regression analysis was performed to investigate the amount of variance in ROCF
performance (copy condition) that can be explained by executive functions, visuoperception
and the ability to transform visual information into motor movements. The three components
of executive functioning (inhibition, cognitive flexibility and working memory) were used as
unique predictors of visuoconstruction. All predictors were made categorical by creating
dichotomous variables (unimpaired vs impaired). The unimpaired group served as a reference
group. The minimum sample size required was assessed using the rule of thumb of Tabachnick
and Fidell (2007), (104 + the number of predictor variables). Before performing the multiple
regression analysis, the continuous dependent variable (adjusted scores on the ROCF) was
checked for normality. The adjusted scores on the ROCF were nonnormally distributed
(negatively skewed distribution, tested with the Shapiro-Wilk test). Therefore, the adjusted
scores on the ROCF were reversed and then normalized with log transformation. Pre-conditions
for applying the linear model were assessed. The assumptions of linearity, multicollinearity,
independent errors and normally distributed errors were met. As multiple regression is very
sensitive to outliers, the data was checked for outliers by looking at the standardized residuals.
One patient had a standard residual above three. The original neuropsychological report in the
electronic patient database was consulted and performance under the cut-off score of a symptom

validity test (Rey Fifteen-Item test) was found. This indicated that the performances of this
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patient were biased. Based on these findings, it was decided to exclude the patient from the
analyses. Another stepwise multiple regression analysis was performed to investigate the
amount of explained variance in ROCF performance (delayed condition) by executive
functions, visuoperception and the ability to transform visual information into a motor
movement. The adjusted outcome score on the ROCF (continuous dependent variable) was
checked for normality (Shapiro-Wilk test) and the assumption of normality was met.
Assumptions (linearity, multicollinearity, independent errors and normally distributed errors)
were checked and met. One outlier was found yet not removed from the analysis as there was
no apparent reason for doing this.

Mann-Whitney U tests were used to determine whether deficits in visuoperception,
visual motor transformation and/or executive functions influence the drawing process when
copying and drawing from memory. The drawing strategy was the dependent variable and the
cognitive functions (translating visual information into motor movements, visuoperception,
executive functions) were the independent variables (dichotomous variables). The assumptions
of a Mann-Whitney U test were checked. Not all the distributions of data had the same shape.
Nonetheless, the test was still used as this is the best method to preserve the ordinal nature of
the drawing strategies. In the current study, there were no patients that used drawing strategies
6 and 7. So only drawing strategies 1 to 5 were taken into account. Group differences were
assessed with left-sided one-tailed tests, since we didn’t expect patients with a cognitive deficit
to use a more efficient drawing strategy than patients without a cognitive deficit in
visuoperception, visual motor transformation and executive functioning. For the statistical tests,

the alpha level was set at 0.05.

Results

Patient characteristics. This study included 123 patients out of the population of 358 as shown
in Figure 2. These patients visited the outpatient clinic between January 2015 and February
2018. Only the first neuropsychological assessment of every patient was kept, resulting in the
exclusion of 160 duplicate cases. As indicated, one patient was excluded from the analyses due
to performance below the cut-off score of a symptom validity test. Demographic and clinical

characteristics of the study sample are presented in Table 2.
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Figure 2. Flow diagram inclusion procedure participants
Table 2. Demographic characteristics of the study sample (N=123)
Descriptive statistics of demographic variables and clinical diagnosis
Demographic variables
Age in years (M = SD) @ 51.6+15.6
Range 18-81
Sex, n (%) male ° 66 (54%)
Education level, n (%) °
Lower (1-5) 64 (52%)
Higher (6-7) 59 (48%)
Clinical diagnosis 9
Brain tumour, n (%) 30 (24.4%)
Left hemisphere, n (%) 13 (43.3%), vermis: 1
Epilepsy, n (%) 19 (15.5%)
Left hemisphere, n (%) 6 (31.6%)
Neurodegenerative disease, n (%) 18 (14.6%)
Cognitive disorders, etiology unknown, n (%) 11 (8.9%)
Mental health problems, n (%) 10 (8.1%)
Cerebrovascular disease, n (%) © 8 (6.5%)
Left hemisphere stroke, n (%) 1(33.3%)
Autoimmune disease, n (%) 6 (4.9%)
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Traumatic brain injury, n (%) 4 (3.3%)
Left hemisphere, n (%) 0 (0%)
No cognitive disorders, n (%) 8 (6.5%)

Other, n (%) 9 (7.3%)

3 M= mean and SD= standard deviation are reported for continuous data. ® n= number of individuals and %= percentage are
reported for categorical data. ¢ Education level was based on Verhage’s classification system (1 = less than primary school, 7=
university degree). ¢ Diagnosis was made after the neuropsychological assessment by a neurologist. ¢ Cerebrovascular disease
included small vessel disease (SVD), cerebral autosomal dominant arteriopathy (CADASIL), ischemic stroke and haemorrhagic
stroke.

Copying the ROCF. Pearson correlation analyses were performed to explore the relationships
between performance on the cognitive tasks (visuoperception task, executive functioning tasks,
visual motor transformation task) and ROCF performance. One-tailed Pearson correlations
were used because we expected impaired executive functions, visuoperception and visual motor
transformation abilities, to be related to poorer ROCF performance. In Table 3, the correlations
between the five predictors and ROCF performance are depicted. ROCF performance was
moderately related to visuoperception » (121) = .304, p <.001. Impaired visuoperception
performance (as opposed to unimpaired visuoperception) was related to a poorer ROCF
performance. Visual motor transformation performance was weakly related to ROCF
performance r (121) = .180, p = .023. Inhibition abilities were also weakly related to ROCF
performance » (121) = .186, p = .040. Impaired performance on the visual motor transformation
task and inhibition task were related to poorer ROCF performance. Working memory » (121) =

.038, ns, and cognitive flexibility » (121) = .059, ns, were not related to ROCF performance.

Table 3. Correlation analyses between ROCF performance in the copy condition and the five

predictor variables

Visuo- Working Visuoperception  Visual motor Inhibition Cognitive
construction ~ memory Digit JLO and/or transformation  CWIT card  flexibility
ROCF Span test CORVIST TMT-A 3 CWIT card
4
Visuoconstruction -
ROCF?
Working memory .038 -
Digit span test®
Visuoperception .304** .073 -
JLO and/or CORVIST®
Visual motor .180* 148 -.083 -
transformation
TMT-AP
Inhibition .186* .220** .100 .021 -
CWIT card 3°
Cognitive flexibility .059 -.090 -.033 -.060 -.158* -
CWIT card 4°

*p <.05, **p <.01. One-tailed significance tests were used. ? The adjusted scores on the dependent variable ROCF were reversed
and log transformed. A higher score on the dependent variable (ROCF performance), therefore, indicates a worse performance.
b Categorical variable (unimpaired vs impaired). The unimpaired group served as reference group.

A stepwise multiple regression analysis was used to assess the amount of variance in ROCF

performance that is explained by performance on executive functioning tasks, a visuoperception
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task and a task that measures the ability to transform visual information into motor movements.
Visuoperception was a significant predictor, # (120) = 3.774, p <.001 and accounted for 9.3%
of the variance in visuoconstruction, R?= 093, F (1, 121) = 12.35, p = .001. Being able to
transform visual information into motor movements was also a significant predictor, # (120) =
2429, p = 009 and accounted for an additional 4.2% of the variance in visuoconstruction, A
R2= 042, AF (1, 120) = 590, p = .017. In combination, visual motor transformation and
visuoperception explained 13.5% of the variance in visuoconstruction, R? = .135, adjusted R*=
121, F (2, 120) = 9.38, p < .001. The effect size was medium (f?=.16) (Cohen, 1988). The
three components of executive functioning were excluded from the final regression model. The
regression coefficients and probability value (p) for each predictor on each step of the stepwise

multiple regression analysis are shown in Table 4.

Table 4. Linear model of predictors of visuoconstruction measured using ROCF (copy

condition)
B SEB I p
Step 1
Constant .662 .025 p<.001
Visuoperception? .204 .058 .304 p<.001
Step 2
Constant .628 .028 p<.001
Visuoperception? 215 .057 322 p<.001
Visual motor transformation® 121 .050 .207 p=.009

R?=.093 for Step 1 (p <.05); A R?= .042 for Step 2 (p <.05). Adjusted ROCF scores in the copy condition. The adjusted ROCF
scores were reversed and log transformed (base 10). High scores indicate a poorer performance. ® Categorical variable
(unimpaired vs impaired). Unimpaired group served as reference group.

One-tailed Mann-Whitney U tests were performed to test whether patients with cognitive
deficits in visuoperception, executive functions and visual motor transformation differ in the
copying drawing strategy from patients without these cognitive deficits. Analysis indicated that
there was a significant difference in the drawing process between patients with an impaired
performance on the working memory task (n = 36) and patients with an unimpaired
performance on the working memory task (n = 87), U = 1217,z =-2.038, p = 021, r = -.18.
Patients with impaired performance on the working memory task used a less efficient drawing
strategy (Mdn (median) = 3) than patients with an unimpaired performance on the working
memory task (Mdn = 2). There was also a difference in the used drawing strategy between
patients with impaired performance on the visual motor transformation task (n = 32) and
patients with an unimpaired performance (n = 91), U = 1099.50, z =-2.159,p = .016,r =-.19.

Patients with an impaired performance on the visual motor transformation task used a less
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efficient drawing strategy (Mdn = 3) than patients with an unimpaired performance (Mdn = 2).
A difference in drawing strategy between patients with an impaired performance on the
inhibition task (n = 14) and patients with unimpaired inhibition abilities (n = 109) was found,
U =533.50,z=-1.920, p = 028, r =-.17. The unimpaired patient group used a more efficient
drawing strategy (Mdn = 2) than the impaired patient group (Mdn = 3). No significant difference
was found between patients with visuoperceptual difficulties (Mdn = 2.50 n = 22) and patients
without visuoperceptual difficulties (Mdn = 2, n = 101) in the way they copied the complex
geometric figure, U = 920.50, z = -1.320, p = .094, r = -.12. No difference was found between
patients with an impaired performance on the cognitive flexibility task (Mdn = 2, n = 20) and
patients with an unimpaired performance on the cognitive flexibility task (Mdn =2, n = 103) in

the copying process, U = 988.50,z =-.299, p = .383,r =-.03.

Drawing from memory. Relationships between ROCF performance in the delayed condition
and performance on the cognitive tasks (visuoperception, executive functions, visual motor
transformation) were studied using Pearson correlation analyses. A weak relationship was
found between visuoperception performance and ROCF performance, r (121) =-.165, p = .034.
Impaired visuoperceptual abilities were related to poorer ROCF performance. The ability to
transform visual information into motor movements was also weakly to moderately related to
ROCEF performance, r (121) = -.218, p = .008. An impaired performance on the visual motor
transformation task was related to poorer ROCF performance. Performance on the working
memory task r (121) = -.084, ns, inhibition task r (121) = -.145, ns, and cognitive flexibility
task r (121) = .073, ns, were not significantly related to ROCF performance. The correlation
coefficients between the five predictor variables and ROCF performance in the delayed

condition are shown in Table 5.

Table 5. Correlation analyses between ROCF performance in the delayed condition and the

five predictor variables

Visuo- Working Visuo- Visual motor Inhibition Cognitive
construction memory perception transformation ~ CWITcard3 flexibility
ROCF Digit Span JLO and/or TMT-A CWIT card 4
test CORVIST
Visuoconstruction
ROCF®
Working memory -.084
Digit span test®
Visuoperception -.165* .073
JLO and/or CORVIST®
Visual motor -.218** 148 -.083
transformation
TMT-A®
Inhibition -.145 .220** .100 .021
CWIT card 3°
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Cognitive flexibility® .073 -.090 -.033 -.060 -.158* -
CWIT card 4

*p <.05, **p <.01. One-tailed significance tests were used. ® Adjusted scores on the ROCF in the delayed condition. A higher score
indicates a better performance on the ROCF. ® Categorical variable (unimpaired vs impaired). The unimpaired group served as
reference group.

To assess the amount of variance in ROCF performance- delayed condition that is explained by
performance on executive functioning tasks, a visuoperception task and a task that measures
the ability to transform visual information into motor movements, a stepwise multiple
regression analysis was performed. The ability to transform visual information into motor
movements was a significant predictor, ¢ (120) = -2.659, p = .005 and accounted for 4.8% of
the variance in drawing from memory, R? = .048, F (1, 121) = 6.05, p = .015. Visuoperception
was also a significant predictor, ¢ (120) = -2.100, p =.019 and accounted for an additional 3.3%
of the variance in visuoconstruction, A R?2=.033, A F (1, 120) =4.41, p = .038. In combination,
the two predictors explained 8.1% of the variance in visuoconstruction, R?=.081, adjusted R*=
066, F (2,120) = 5.31, p=.006, f2=.09. The effect size was small to medium (Cohen, 1988).
The three components of executive functioning were excluded from the final model.

Coefficients of the regression model are depicted in Table 6.

Table 6. Multiple linear regression model, ROCF performance in the delayed condition

B SEB I p

Step 1

Constant 16.484 .611 p<.001
Visual motor transformation® -2.944 1.198 -.218 p=.015
Step 2

Constant 17.047 .659 p<.001
Visual motor transformation® -3.152 1.185 -.234 p=.005
Visuoperception? -2.849 1.357 -.184 p=.019

R?=.048 for Step 1 (p <.05); A R?=.033 for Step 2 (p <.05). The dependent variable is a continuous variable (scores on the ROCF
were adjusted for age and education level). High scores indicate a better performance. Adjusted ROCF scores in the delayed
condition.  Categorical variable (unimpaired vs impaired). Unimpaired group served as reference group.

Mann-Whitney U tests (one-tailed tests) were performed to investigate whether cognitive
deficits in visuoperception, executive functions and visual motor transformation influence the
used drawing when drawing from memory. The analyses indicated that there was no difference
in drawing strategy between patients with impaired performance on the visuoperception task(s),
executive functioning tasks and visual motor transformation task and patients with an
unimpaired performance on these tasks. No significant difference in drawing strategy was found
between patients with an unimpaired performance on the working memory task (Mdn =1,n =

87) and patients with an impaired performance on the working memory task (Mdn =2, n = 36),
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U = 1429, z = -.823, p = 206, r = -.07. There was no significant difference between patients
with an impaired performance on the visual motor transformation task (Mdn =2, n = 32), and
patients with an unimpaired performance on the visual motor transformation task (Mdn =1, n
=91),U=1212,z=-1.520, p = .064, r = -.14. No difference was found between patients with
visuoperceptual difficulties (Mdn = 2.50, n = 22) and patients without visuoperceptual
difficulties (Mdn = 1, n = 101) in their used drawing strategy, U = 1015,z =-.685,p = 247, r
=-.06. There was no difference between patients with impaired inhibition abilities (Mdn =2.50,
n = 14) and patients with unimpaired inhibition abilities (Mdn = 1,n = 109), U = 612.50, z = -
1.295, p = 098, r = -.12. No difference in drawing strategy between patients with cognitive
flexibility difficulties (Mdn = 2, n = 20) and patients without cognitive flexibility difficulties
(Mdn =1,n=103) was found, U =933,z =-.718, p = 236, r = -.06.

Discussion

The main aim of the present study was to gain a more profound understanding of
visuoconstruction as a construct, using the ROCF. We investigated whether visuoconstruction
can be used as a unitary concept or whether it is a concept that (just) comprises the combination
of multiple cognitive functions. The second aim of the study was to investigate whether
cognitive deficits in executive functions, visuoperception or visual motor transformation
influence the drawing process (drawing strategy). We wanted to know whether evaluating the

drawing strategy could yield additional diagnostic information.

Main findings

When assessing the contribution of visuoperception, visual motor transformation and executive
functions in visuoconstruction, we found that performance on the visuoperception task and
performance on the visual motor transformation task had marginal influence on patients’ ability
to copy and draw a complex figure from memory. The three assessed executive functions did
not influence the patients’ drawing skills. Since ROCF performance, to a small extent, was
predicted by performance on a visuoperception task and a visual motor transformation task,
these results suggest that visuoconstruction as a concept is more unique than we expected. The
finding that visuoperception influences visuoconstruction skills is in line with a number of
studies demonstrating that patients with focal brain damage in the left or right hemisphere have

difficulty copying a complex figure due to visuospatial and representational disturbances (Serra
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et al., 2013; Trojano et al., 2004). The finding that visual motor transformation plays a role in
visuoconstruction was also congruent with a previous study done by Ogawa and Nagai (2010).
They found copying deficits in patients with Williams Syndrome to be correlated with activity
in the posterior parietal cortex (especially in the V6 region), suggesting that adequate visual
motor transformation skills are required in successful copying. Contrary to our expectations,
executive functions as assessed in our study, did not contribute to ROCF performance. This is
not in line with previous studies showing intact executive functions to be crucial for adequate
visuoconstructional skills (Grossman et al., 1993; Somerville et al., 2000). Executive
functioning deficits in patients with Parkinson’s disease were found to negatively impact the
ability to copy and draw from memory (Grossman et al., 1993). A possible reason for the
discrepancy between our study and this one might be the way in which executive functioning
was assessed. Grossman et al. (1993) examined executive functioning by using a pen and paper
task, asking patients to draw as many different designs as possible, (design fluency). It is
imaginable that due to the similar nature of the tasks (task impurity; Miyake et al., 2000),
executive functioning was found to largely impact drawing performance in this study. Another
study showed poor drawing skills in patients with dementia to be influenced by working
memory (weak relationship) and inconsistent results between inhibition (measured using a
graphical sequence test) and drawing skills (Freeman et al., 2000). While Somerville and
colleagues (2000) found the type of errors and accuracy of drawings to be weakly correlated
with executive functioning measures. Freeman et al. (2000) and Somerville et al. (2000) used
the Boston Qualitative Scoring system (BQSS) (Stern et al., 1994), a qualitative scoring system,
to assess the relationship between ROCF performance and executive functions. This scoring
system evaluates the accuracy of the figure and the type of errors made. The fact that these
studies used a qualitative scoring system to assess the relationship between executive functions
and ROCEF performance, might account for the difference in findings. For instance, Schreiber
and colleagues (1999) found in adults with Attention Deficit Hyperactivity Disorder (ADHD)
different results between using the 36-point scoring system and the BQSS. They found the
qualitative scoring system in comparison to the 36-point scoring system to be more sensitive
for cognitive deficits (i.e. executive functioning) associated with ADHD.

The other aspect of the study explored whether there was a difference in drawing
strategy between patients with a cognitive deficit in visuoperception, executive functions and
visual motor transformation and patients without these cognitive deficits. Our results indicated
that in the ROCF- copy condition drawing strategy was related to working memory, inhibition

and visual motor transformation performances. Patients with an intact performance used a more
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efficient drawing strategy. Contrary to our expectations, patients with poor perceptual abilities
and poor cognitive flexibility did not use a less efficient drawing strategy. The relationship
between executive deficits and the drawing process was consistent with the findings of Scarpina
et al. (2016) who found planning ability (such as the order in which the copied elements were
drawn) and neatness (how neatly the figure was copied) in PD patients to be related to executive
difficulties, specifically planning and impulsivity. Unexpectedly performances on the
visuoperception, executive functions and visual motor transformation tasks were not related to
drawing strategy in the ROCF- delayed condition. To our knowledge, previous studies have not

investigated the relationship between the drawing approach and cognitive functions.

Limitations and Strengths

The current study has several limitations and strengths. A limitation may have been the little
variance in performance on the neuropsychological tests. Within our sample, there were only a
few patients with a distorted performance on the neuropsychological tests. No standardised
neuropsychological test battery was used to assess the cognitive functions, which makes it
likely that patients who appeared to have much difficulty with one or more or of our criterion
tests subsequently got easier tests, and as a result, did not meet the inclusion criteria of the
current study. This could also have been the reason that none of the patients used drawing
strategy 6 or 7. As small variance can impact results (decrease predictive ability), the levels
within the variables were, reduced to increase the variance in the current study (Field, 2015).
The levels within the variable were reduced by assigning both patients, with a cut-off score of
1 SD and patients with 2 SD’s below average, to the impaired group. By doing this, no
distinction was made between patients with mild cognitive deficits and severe cognitive
deficits. Qualitative information on the ROCF performance was collected by observing the
drawing strategies identified by Osterrieth (1944) and further developed by Boelema et al.
(2015). Although this is a time efficient way and easy method to collect qualitative information,
unfortunately, no study has researched the inter-rater reliability. Over the years, the ROCF was
administered by different psychologists at the outpatient clinic. To maximize the consistency
in the evaluation of the drawing strategy psychologists deliberated with their colleagues in
ambiguous situations. A methodological limitation could have been the presence of an outlier
in the ROCF- delayed condition. When re-running the analysis without the outlier, we found
that the outlier did not have a big impact on the final regression model (same significant

predictors and an explained variance R? =.101). Finally, the use of a cross-sectional study
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design may have been a potential limitation. Since the cognitive examinations were done in the
setting of clinical care, we were limited in our choice selection of neuropsychological tests (to
represent and assess the proposed cognitive components involved in drawing) in order to retain
a sample size with sufficient power. For example, based on the proposed cognitive models of
drawing, we would have wanted to assess visuospatial working memory in patients instead of
verbal working memory.

A strength of the study is the way in which the contribution of executive functions in
visuoconstruction was assessed. Even though cognitive tasks are supposed to measure specific
cognitive functions, many tests assess multiple cognitive functions (Miyake et al., 2000). As
more complex tasks (e.g. planning tasks) often involve multiple cognitive mechanisms (Goel
& Grafman, 1995), we tried to reduce the task impurity problem by selecting components of
executive functioning. Another strength is that the current study assessed the relationship
between cognitive deficits and the drawing strategy used when copying and drawing from
memory. To our knowledge, previous research has mainly focused on qualitative measures used

in the ROCF- copy condition.

Future directions

For future research it would be interesting to investigate whether using a larger sample with a
greater range in cognitive performances would replicate the current findings. The present study
looked at the role of visuoperception, executive functions and visual motor transformation in
ROCF performance. It may be interesting to investigate whether the cognitive functions
language and memory contribute to performance on the ROCF as this has not been adequately
dealt with in the literature. Since visuoconstruction starts with eye movements, it would also be
interesting to assess the role of spatial attention, spatial working memory and spatial planning
in ROCF performance by using an eye-tracker, for example. The present study used the ROCF
to gain a more profound understanding of visuoconstruction as a construct. Future studies could
look at other frequently used visuoconstruction tasks (i.e. the Mini Mental State Examination

pentagon) to investigate whether this leads to the same or divergent findings.

Implications

Our study has some important implications for clinical practice. When clinicians want to assess
patients’ visuoconstructional skills by using the ROCF, they should take into account that
visuoperception and visual motor transformation performances can impact the performance on

the ROCF. So, if clinicians want to assess visuoconstructional skills in patients, it is
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recommended to interpret patients’ ROCF performances along with performances on
visuoperception and visual motor transformation measures to assess whether these cognitive
functions may have contributed to the ROCF performance.

When taking the used drawing strategy into account, this can provide additional
diagnostic information during the copy condition of the ROCF. Patients with impaired working
memory, impaired inhibition skills and a poor ability to transform visual information into a
motor movement tend to use a less efficient drawing strategy than patients without these
cognitive difficulties. No relation was found between cognitive deficits in visuoperception,
executive functions, visual motor transformation and drawing strategy. Suggesting that copying

and drawing from memory might tap on different cognitive mechanisms.

Conclusion

Our results showed that ROCF performance was modestly impacted by visuoperception and
visual motor transformation performance. Executive functions did not contribute to explaining
variance in ROCF performance. Based on these findings, the current study suggests that
visuoconstruction can be used as a (unitary) concept. Less efficient drawing strategies in the
copy condition of the ROCF were related to impaired performances on working memory,
inhibition and visual motor transformation measures. When drawing from memory, drawing
strategies were not related to performances on visuoperception, visual motor transformation
and executive functions measures. More research is needed to gain a better knowledge of the
cognitive mechanisms in drawing. A better understanding of the cognitive mechanisms

involved in drawing, will improve our understanding of visuoconstruction as a concept.

22



Literature

Avila, R.T., de Paula, J. J., Bicalho, M. A., Moraes, E. N., Nicolato, R., Malloy-Diniz, L. F.,
& Diniz, B. S. (2015). Working Memory and Cognitive Flexibility Mediates
Visuoconstructional Abilities in Older Adults with Heterogeneous Cognitive Ability.
Journal of the International Neuropsychological Society, 21(5), 392-398. doi:
10.1017/S135561771500034X

Baddeley, A. D., & Hitch, G. J. (1994). Developments in the concept of working memory.
Neuropsychology, 8(4), 485-493. doi: 10.1037/0894-4105.8.4.485

Benton, A. L. (2000). Exploring the History of Neuropsychology (p.117). New York, NY:
Oxford University Press.

Benton, A. L., Hamsher, K. D., Varney, N. R., & Spreen, O. (1983). Contributions to
neuropsychological assessment: A clinical manual. New York, NY: Oxford University
Press.

Berry, D. T. R., Allen, R. S., & Schmitt, F. A. (1991). Rey-Osterrieth complex figure:
psychometric characteristics in a geriatric sample. The Clinical Neuropsychologist,
5(2), 143-153. doi: 10.1080/13854049108403298

Biesbroek, J. M., van Zandvoort, M. J. E., Kuijf, H. J., Weaver, N. A., Kapelle, L. J., Vos, P.
C., ... & Postma, A. (2014). The anatomy of visuospatial construction revealed by
lesion-symptom mapping. Neuropsychologia, 62, 68-76. doi:
10.1016/j.neuropsychologia.2014.07.013

Binder, L. M. (1982). Constructional strategies on complex figure drawings after unilateral
brain damage. Journal of Clinical Neuropsychology, 4(1), 51-58. doi:
10.1080/01688638208401116

Boelema, S.R.,Ruis, C., & van Zandvoort, M. E.J. (2015). The Rey Osterrieth Complex Figure
(ROCF) Qualitative Strength Revisited in both nonclinical (n=1591) and clinical
(neurological n=100) examinees (poster).

Caffara, P., Vezzadini, G., Dieci, F., Zonato, F., & Venneri, A. (2002). Rey-Osterrieth complex
figure: normative values in an Italian population sample. Neurological Sciences, 22(6),
443-447. doi: 10.1007/s100720200003

Carlesimo, G. A., Fadda, L., & Caltagirone, C. (1993). Basic mechanisms of constructional
apraxia in unilateral brain-damaged patients: role of visuo-perceptual and executive
disorders. Journal of Clinical and Experimental Neuropsychology, 15(2), 342-358. doi:
10.1080/01688639308402568

23



Chechlacz, M., Novick, A., Rotshtein, P., Bickerton, W. L., Humphreys, G. W., Demeyere, N.
(2014). The neural substrates of drawing: A voxel-based morphometry analysis of
constructional, hierarchical, and spatial representation deficits. Journal of Cognitive
Neuroscience, 26 (12),2701-2715. doi: 10.1162/jocn_a_00664

Cherrier, M. M., Mendez, M. F., Dave, M., & Perryman, K. M. (1999). Performance on the
Rey-Osterrieth Complex Figure Test in Alzheimer disease and vascular dementia.
Cognitive and Behavioral Neurology, 12(2), 95-101.

Corwin, J., & Bylsma, F. W. (1993). Psychological examination of traumatic encephalopathy.
The Clinical Neuropsychologist, 7(1), 3-21. doi: 10.1080/13854049308401883

Cohen, J. (1988). Statistical power analysis for the behavioral sciences (2nd ed.). Hillsdale,
NIJ: Erlbaum.

Delis, D. C., Kaplan, E., Kramer, J. H. (2001). Delis-Kaplan Executive Function System (D-
KEFS). In: Technical Manual. San Antonio, TX: The Psychological Corporation.

Field, A. (2015). Discovering statistics using IBM SPSS statistics (4th ed.). London, England:
SAGE publications.

Freeman, R. Q., Giovannetti, T., Lamar, M., Cloud, B. S., Stern, R., A., Kaplan, E., & Libon,
D. J. (2000). Visuoconstructional problems in dementia: Contribution of executive
systems functions. Neuropsychology, 14(3), 415-426. doi: 10.1037/0894-4105.14.3.415

Gallo, J. J., Rebok, G. W., & Lesikar, S. E. (1999). The driving habits of adults aged 60 years
and older. Journal of the American Geriatrics Society, 47(3), 335-341. doi:
10.1111/7.1532-5415.1999.tb02998 .x

Gainotti, G., & Tiacci, C. (1970). Patterns of drawing disability in right and left hemispheric
patients. Neuropsychologia, 8(3), 379-384. doi: 10.1016/0028-3932(70)90082-5

Goel, V., & Grafman, J. (1995). Are the frontal lobes implicated in “planning” functions?
Interpreting data from the Tower of Hanoi. Neuropsychologia, 33(5), 623-642. doi:
10.1016/0028-3932(95)90866-P

Grossi, D., & Trojano, L. (1999). Constructional apraxia. In G. Denes & L. Pizzamiglio (Eds.),
Handbook of clinical and experimental neuropsychology (pp.441-450). Hove, England:
Psychology Press/ Erlbaum (UK) Taylor & Francis.

Grossman, M., Carvell, S., Peltzer, L, Stern, M. B., Gollomp, S., & Hurtig, H. I. (1993). Visual
construction impairments in Parkinson’s disease. Neuropsychology, 7(4), 536-547.

Guérin, F., Ska, B., & Belleville, S. (1999). Cognitive processing of drawing abilities. Brain
and Cognition, 40(3), 464-478. doi: 10.1006/brcg.1999.1079

24



IBM Corp. Released 2017. IBM SPSS Statistics for Macintosh, Version 25.0. Armonk, NY:
IBM Corp.

James, M., Plant, G. T., & Warrington, E. K. (2001). CORVIST: Cortical vision screening test:
manual & test materials. Thurston, England: Thames Valley Test Company.

Kasai, M., Meguro K., Hashimoto, R., Ishizaki, J., Yamadori, A., & Mori, E. (2006). Non-
verbal learning is impaired in very mild Alzheimer’s disease (CDR 0.5): Normative data
from the learning version of the Rey-Osterrieth Complex Figure Test. Psychiatry and
clinical neurosciences, 60(2), 139-146. doi: 10.1111/.1440-1819.2006.01478 .x

Kosslyn, S. M., & Koenig, O. (1992). Wet mind: The new cognitive neuroscience. New York,
NY: The Free Press.

Leininger, B. E., Gramling, S. E., Farrell, A. D., Kreutzer, J. S., & Peck, E. A. (1990).
Neuropsychological deficits in symptomatic minor head injury patients after concussion
and mild concussion. Journal of Neurology, Neurosurgery & Psychiatry, 53(4), 293-
296. doi: 10.1136/jnnp.53.4.293

Lezak, M. D. & Howieson, D. B. (2004). Neuropsychological assessment (pp.100-132). New
York, NY: Oxford University Press.

Mervis, C. B., Robinson, B. F., & Pani, J. R. (1999). Visuospatial construction. The American
Journal of Human Genetics, 65(5), 1222-1229. doi: 10.1086/302633

Meyers, J. E., & Meyers, K. R. (1995). Rey complex figure test under four different
administration procedures. The Clinical Neuropsychologist, 9(1), 63 — 67.

Miyake, A., Friedman, N. P., Emerson, M. J., Witzki, A. H., Howerter, A., & Wager, T. D.
(2000). The Unity and Diversity of Executive Functions and Their Contributions to
Complex “Frontal Lobe” Tasks: A Latent Variable Analysis. Cognitive Psychology,
41(1), 49-100. doi: 10.1006/cogp.1999.0734

Ogawa, K., Nagai, C., & Inui, T. (2010). Brain mechanisms of visuomotor transformation based
on deficits in tracing and copying. Japanese Psychological Research, 52(2), 91-106.
doi: 10.1111/5.1468-5884.2010.00427 .x

Osterrieth, P. A. (1944). Le test de copie d’une figure complex: contribution a ’etude de la
perception et de la memoire. Archives de Psychologie, 28, 206-356.

Paus, T. (1995). Review Location and function of the human frontal eye-field: A selective
review. Neuropsychologia, 34(6), 475-483.

Possin, K. L., Laluz, V. R., Alcantar, O. Z., Miller, B. L., & Kramer, J. H. (2011). Distinct

neuroanatomical substrates and cognitive mechanisms of figure copy performance in

25



Alzheimer’s  disease and behavioral variant frontotemporal = dementia.
Neuropsychologia, 49(1), 43-48. doi: 10.1016/j.neuropsychologia.2010.10.026

Reitan, R. M. (1955). The relation of the Trail making test to organic brain damage. Journal of
Consulting Psychology, 19(5), 393-394. doi: 10.1037/h0044509

Roncato, S., Sartori, G., Masterson, J., & Rumiati, R. (1987). Constructional apraxia: An
information processing analysis. Cognitive Neuropsychology, 4(2), 113-129. doi:
10.1080/0264329870825037

Savage, C. R., Baer, L., Keuthen, N. J., Brown, H. D., Rach, S. L., & Jenike, M. A. (1999).
Organizational strategies mediate nonverbal memory impairment in obsessive-
compulsive disorder. Biological Psychiatry, 45(7), 905-916. doi: 10.1016/S0006-
3223(98)00278-9

Scarpina, F., Ambiel, E., Albani, G., Pradotto, L. G., & Mauro, A. (2016). Utility of Boston
Qualitative Scoring System for Rey-Osterrieth Complex Figure: evidence from a
Parkinson’s Diseases sample. Neurological Sciences, 37(10), 1603-1611. doi:
10.1007/s10072-016-2631-9

Schiller, P. H., True, S. D., & Conway, J. L. (1980). Deficits in eye movements following
frontal eye-field and superior colliculus ablations. Journal of Neurophysiology, 44(6),
1175-1189. do0i:10.1152/jn.1980.44.6.1175

Schmand, B., Houx, P., & Koning, I. D. (2012). Normen neuropsychologische tests 2012.
Nederlands Instituut van Psychologen.

Schreiber, H. E., Javorsky, D. J., Robinson, J. E., & Stern, R. A. (1999). Rey-Osterrieth
Complex Figure performance in adults with attention deficit hyperactivity disorder: a
validation study of the Boston Qualitative Scoring System. The Clinical
Neuropsychologist, 13(4), 509-520. doi: 10.1076/1385-4046(199911)13:04;1-Y;FT509

Serra, L., Fadda, L., Perri, R., Spano, B., Marra, C., Castelli, D., ... & Bozzali, M. (2014).
Constructional apraxia as a distinctive cognitive and structural brain feature of pre-
senile Alzheimer’s disease. Journal of Alzheimer’s Disease, 38 (2), 391-402. doi:
10.3233/JAD-130656

Shin, M. S., Park, S. Y., Park, S. R., Seol, S. H., & Kwon, J. S. (2006). Clinical and empirical
applications of the Rey-Osterrieth Complex Figure Test. Nature Protocols, 1(2), 892-
899. doi: 10.1038/nprot.2006.115

Somerville, J., Tremont, G., & Stern, R. A. (2000). The Boston Qualitative Scoring System as

a Measure of Executive Functioning in Rey-Osterrieth Complex Figure Performance.

26



Journal of Clinical and Experimental Neuropsychology, 22(5), 613-621. doi:
10.1076/1380-3395(200010)22:5;1-9;FT613

Sommers, P. V. (1989). A system for drawing and drawing-related neuropsychology. Cognitive
Neuropsychology, 6(2), 117-164. doi: 10.1080/02643298908253416

Spreen, O., & Strauss, E. (1998). A compendium of neuropsychological tests: administration,
norms, and commentary (2nd ed.). New York, NY: Oxford University Press.

Stern, R. A., Singer, E. A., Duke, L. M., Singer, N. G., Morey, C. E., Daughtrey, E. W., &
Kaplan, E. (1994). The Boston qualitative scoring system for the Rey-Osterrieth
complex figure: Description and interrater reliability. Clinical Neuropsychologist, 8(3),
309-322. doi: 10.1080/13854049408404137

Tabachnick, B. G., & Fidell, L. S. (2007). Using multivariate statistics (5th ed.). Boston, MA:
Allyn & Bacon/Pearson Education.

Trojano, L., Fragassi, N.A., Chiacchio, L., Izzo, O., 1zzo, G., Cesare, G.D., ... & Grossi, D.
(2004). Relationships between constructional and visuospatial abilities in normal
subjects and in focal brain-damaged patients. Journal of Clinical and Experimental
Neuropsychology, 26(8), 1103-1112. doi: 10.1080/13803390490515522

Verhage, F. (1964). Intelligentie en leeftijd: Onderzoek bij Nederlanders van twaalf tot
zevenenzeventig jaar. Assen, The Netherlands: Van Gorcum.

Walsh, K. (1987). Neuropsychology: A clinical approach (2~ ed.). New York, NY: Churchill
Livingstone.

Wechsler, D. (2008). Wechsler Adult Intelligence Scale- Fourth Edition. San Antonio, TX:

Pearson.

27



