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fully be used to identify visuo-constructional problems 
in patients with cognitive dysfunction.

Keywords Visuo-constructional function  · Alzheimer’s 
disease · Mild cognitive impairment (MCI) · Parkinson’s 
disease

Visuo-konstruktive Funktionen in Patienten mit 
Mild Cognitive Impairment, Alzheimerkrankheit, 
und Parkinson Krankheit

Zusammenfassung
Hintergrund Mehrere kürzlich vorgeschlagenen Klassifi-
kationsschemeta zur Beurteilung kognitiver Störung for-
dern die Erfassung der kognitiven Domäne „visuo-kons-
truktive Funktionen“. Das Ziel der vorliegenden Studie 
war die Entwicklung eines neuen Tests (Vienna Visuo-
Constructional Test—VVT) zur Messung visuo-konstruk-
tiver Funktionen. Mithilfe der VVT wurden bei Patienten 
mit leichter kognitiver Beeinträchtigung (MCI), Parkin-
son-Krankheit (PD) und Alzheimer (AD) die visuo-kons-
truktiven Fähigkeiten untersucht. Des Weiteren wurden 
Alters- und Geschlechtseffekte und die psychometrische 
Qualität des VVT bestimmt.

Methoden Die Studie umfasste 76 gesunde Kon-
trollpersonen und 103 Patienten, die sich an der Uni-
versitätsklinik für Neurologie, Medizinische Universität 
Wien einer neurologischen Untersuchung unterzogen. 
Ein neuartiges Auswertungssystem für die VVT wurde 
entwickelt.

Ergebnisse Die interne Konsistenz (Cronbach Alpha) 
lag im Bereich von 0,82 für die gesunde Kontrollgruppe 
und 0,93 für die gesamte Patientengruppe. Es zeigte sich 
kein Geschlechtereffekt, aber das Alter hatte einen nega-
tiven Effekt auf die VVT Leistung. Der VVT konnte erfolg-
reich zwischen gesunden Kontrollen und MCI-Patienten, 
Patienten mit AD und PD-Patienten differenzieren.

Summary
Background Several recently proposed criteria for 
assessing cognitive disorder require measuring the cog-
nitive domain of visuo-constructional function. The aims 
of the present study were to develop a new test (Vienna 
Visuo-constructional Test—VVT) measuring visuo-con-
structional functions and to determine the reliability and 
validity of the VVT in patients with mild cognitive impair-
ment (MCI), Parkinson’s disease (PD), and Alzheimer’s 
disease (AD). We further examined age and sex effects 
and the psychometric quality of the VVT.

Methods The study included 76 healthy controls and 
103 patients who were referred to the Department of 
Neurology, Medical University of Vienna for neurocogni-
tive assessment. An administering and scoring system for 
the VVT was developed.

Results Internal consistency (Cronbach’s alpha) was 
found to range from 0.82 for the healthy control group to 
0.93 for the total patient group. There was no sex effect, 
but age had a negative effect on VVT performance. The 
VVT successfully differentiated healthy controls from 
MCI patients, AD patients, and PD patients, respectively.

Conclusion The VVT shows satisfactory validity and 
reliability and can be administered easily in clinical 
practice. It constitutes a new measure that can success-
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[4]. The grapho-motor tasks can be further subdivided 
into copy tasks and draw-to-command tasks. Simple 
and complex grapho-motor tasks have been found to be 
localized in different brain regions [6].

Examples for copy tasks include the Mini-Mental 
State Examination (MMSE) pentagons task [7], the clock 
drawing test [8], the cube task from the Montreal Cog-
nitive Assessment (MOCA) [9], and the Rey–Osterrieth 
Figure test [10, 11]. Clock drawing tests may also be used 
as draw-to-command tasks [8]. A recent neuroimaging 
study [12] showed that copy tasks and draw-to-command 
tasks are localized in different brain regions. That is, free 
drawing demands visuospatial abilities and to a large 
degree executive control, whereas copy a figure tasks 
mainly rely on visuo-constructional abilities.

Previous studies [13] have shown that patients with 
AD exhibit a significant decline in constructional func-
tion and that measures of constructional functions can 
discriminate between healthy controls and patients with 
moderate-to-severe dementia, yet lack sensitivity to 
detect very mild cases of AD [14–17]. A study investigating 
pentagon copying showed that PD patients are relatively 
unimpaired in constructional praxis (pentagon copying), 
whereas AD and PD patients with dementia were found 
to have an impairment in copying which was linked to 
more global cognitive deficits [18].

The aim of the present study was to develop a visuo-
constructional test and to provide normative data using 
an age-matched control group. A further goal was to 
examine differences in visuo-constructional functions 
among controls and clinical samples of patients with 
MCI, AD, and Parkinson’s disease (PD) and to compare 
them with an age-matched control group. Based on the 
available literature, we hypothesized that the patient 
groups would show more severe impairment than the 
controls and AD patients would be more impaired than 
MCI patients and PD patients.

Methods

Participants and measures

Patient groups

The data were taken from the “Vienna Conversion to 
Dementia Study” [19] and the “Vienna Mild Cognitive 
Impairment and Cognitive Decline in Parkinson’s Dis-
ease Study” [20]. The study was conducted in accordance 
with the Helsinki Declaration and was approved by the 
Ethical Committee of the Medical University of Vienna. 
In total, 179 participants were included in the study, 76 
healthy controls (control group), 55 patients with MCI, 30 
patients with AD, and 18 patients with PD, respectively. 
For detailed demographic and clinical characteristics see 
Table 1.

All patients received a standard neurological and 
neuropsychological evaluation. The neuropsychological 
status was determined by the MMSE [7] and the Neuro-

Schlussfolgerung Der VVT zeigte eine zufriedenstel-
lende Gültigkeit und Zuverlässigkeit und kann problem-
los in der klinischen Praxis angewendet werden. Es stellt 
somit ein neues Verfahren dar, um visuell-konstruktive 
Probleme bei Patienten mit kognitiven Störungen zu 
identifizieren.

Schlüsselwörter Visuo-konstruktive Funktionen  · Mil-
de kognitive Störung  · Alzheimer Krankheit  · Parkinson 
Krankheit

Introduction

In recent years, several diagnostic criteria for diagnosing 
neurocognitive disorders (NCD) have been published. 
These criteria involve the assessment of various cognitive 
domains including visuo-constructional functioning.

The National Institute on Aging-Alzheimer’s Asso-
ciation, NAI-AA [1] developed criteria to diagnose 
mild cognitive impairment (MCI), a podromal phase 
of Alzheimer’s disease (AD). The core clinical criteria 
are: (1) change in cognition observed by the patient, an 
informant, or skilled clinician, (2) impairment in one or 
more cognitive domains including memory, executive 
function, attention, language, and visuo-constructional 
skills, (3) preservation of independence in functional 
abilities, and (4) absence of dementia—no evidence of 
a significant impairment in social or occupational func-
tioning. The NAI-AA criteria suggest to assess visuo-con-
structional function via figure copying tests, but do not 
mention any specific measures. The Movement Disorder 
Society [2] issued diagnostic criteria for MCI in Parkin-
son’s disease (PD-MCI), with visuo-constructional func-
tion as one of the cognitive domains which should be 
tested because visuo-constructional dysfunctioning is 
developing during the disease process. The Diagnostic 
and Statistical Manual (DSM-5) introduced the new term 
NCD to encompass cognitive impairment across all age 
groups [3]. There are two groups, mild NCD and major 
NCD. Patients with mild NCD remain independent, but 
everyday activities are more effortful and require com-
pensatory strategies, whereas patients with major NCD 
are not able to organize everyday lives independently. 
Visuo-constructional function is one out of five cognitive 
domains which should be evaluated.

There is a need for reliable and valid procedures to 
assess visuo-constructional function. However, there is 
no uniform definition of visuo-constructional function 
in the literature and many different terminologies have 
been used. Kleist (1934) used the term “constructional 
praxis”, which included two classes of activities: firstly, 
free drawing or copying of a drawing template and sec-
ondly, building or assembling. These activities require 
visual and tactile abilities, which include attention, 
spatial integration, and motor response integration [4]. 
A deficit in constructional praxis has been called con-
structional apraxia [5]. Visuo-constructional tasks can 
be grouped into grapho-motor tasks and assembly tasks 
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figures are scored. The third item is a three-dimensional 
cube resembling the cube from the Alzheimer’s Disease 
Assessment Scale [27]. The correct representation of the 
three-dimensional figure is evaluated. The VVT has an 
administration time of approximately 2–3  min. Scoring 
of the VVT takes approximately 3–5  min, whereby an 
evaluation sheet and transparent foil are used. A total 
of 99 items are scored and, thus, the maximum score of 
the VVT is 99, (33 for the clock, 26 for the overlapping 
pentagons, and 40 for the cube). A detailed description 
of the scoring procedure is freely available from the cor-
responding author.

Neuropsychological test battery of Vienna (NTBV)

The NTBV, which encompasses measures of the domains 
attention, language, executive functioning, and memory, 
was administered to assess the cognitive status of the 
participants [19].

Statistical methods

In a first step, psychometric properties of the VVT were 
investigated using measures of reliability (Cronbach’s 
alpha) and item to total score correlations. Effects of 
age and sex were examined via a two-way analysis of 
variance.

In a second step, validity of the VVT was investigated 
using correlational analyses, analysis of variance fol-
lowed by post hoc analysis (Games Howell), and receiver 
operating characteristic (ROC) curves. ROCs are used 
to evaluate the discriminatory ability of a test to cor-
rectly differentiate between diseased and nondiseased 
subjects.

Results

Psychometric properties

Reliability analyses (Cronbach’s α) revealed a Cronbach’s 
α of 0.87 in the healthy group (N = 76) and a Cronbach’s α 
of 0.93 in the total patient group (N = 103). Scale intercor-
relations yielded an item to total score ranging from 0.13 
to 0.69 for the clock, from 0.10 to 0.67 for the pentagons, 
and from 0.06 to 0.60 for the cube, indicating good item 
selectivity. See Table 2 for details.

Furthermore, two-way analysis of variance was used 
to investigate the effects of age and sex (independent 
variables) among healthy controls. Therefore, the con-
trol sample was split into four age groups: 50–59  year-
olds (N = 22), 60–69-year-olds (N = 18), 70–79-year-olds 
(N = 19), and 80 +-year-olds (N = 17), respectively. The 
healthy group included 29 men (38.2 %) and 47 women 
(61.8 %). The analysis revealed a significant main effect 
of age (F (3, 75) = 7.553, p < .000), yet no significant effect 

psychological Test Battery Vienna (NTBV) [21]. NICDS-
ADRDA [22] and DSM-VI criteria [23] were used for the 
diagnosis of AD, and the UK Parkinson’s Disease Society 
Brain Bank criteria were used for the diagnosis of PD [24]. 
Diagnosis of MCI was based on the Mayo clinic criteria 
[25].

Cognitively healthy control subjects Great care was 
taken to enroll a sufficient number of cognitively healthy 
control subjects living independently at home. Control 
subjects were recruited by means of advertisements. 
They underwent a rigorous screening evaluation using a 
standardized clinical interview and cognitive screening. 
Imaging procedures, neurological examination, stan-
dard laboratory blood tests, and informant reports were 
not included in the evaluation. Healthy controls were 
assessed as being in good health. Criteria for healthy 
function were similar to those of the Mayo research stud-
ies [26]: (a) no active neurological or psychiatric disease, 
(b) no psychotropic medications, and (c) the subjects 
may have medical disorders but neither they nor their 
treatment compromise cognitive function. Cognitive sta-
tus was given special attention and cognitively healthy 
control subjects were screened for intact cognition. They 
were required to have a MMSE [7] score greater than or 
equal to 27 and a MOCA [9] score greater than or equal 
to 26 adjusted for education. Control subjects did not 
overtly complain about cognitive problems.

Measures

Vienna Visuo-constructional Test (VVT)

The Vienna Visuo-constructional Test (VVT) contains 
three tasks, clock copying, pentagon copying, and cube 
copying. The clock copying task, which is similar to the 
clock task of the MOCA [9], requires the participants 
to copy a given clock with 12-digit dial and the pointer 
position “ten minutes after eleven” as accurately as pos-
sible. Scoring includes correctly drawn contour, correctly 
placed digits, and correctly placed pointers. The second 
item compromises overlapping pentagons resembling 
the two pentagons of the MMSE [7]. The correct repre-
sentation of the two pentagons and the overlap of the 

Table 1 Demographic and clinical characteristics (mean, 
range)

N M/F Age Education MMSE

CG 76 29/47 68 (50–92) 12 (8–26) 29 (27–30)

MCI 55 25/30 72 (56–90) 12 (8–22) 27 (21–30)

AD 30 15/15 72 (54–87) 11 (8–23) 20 (9–28)

PD 18 13/5 70 (57–84) 10 (8–18) 27 (17–30)

Total 179 82/97 70 (50–92) 12 (8–26) 26 (9–30)

CG control group, MCI mild cognitive Impairment group, AD Alzheimer’s 
disease group, PD Parkinson’s disease group, MMSE Mini-Mental State 
Examination, M/F male/female
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group effect (F (3,177) = 24.87, p < .000). Post hoc analyses 
(Games Howell) showed significant differences between 
controls and the groups MCI (p = .001), AD (p = .000), and 
PD (p = .023). Moreover, AD patients differed significantly 
from MCI patients (p = .001). No significant differences 
were found between the groups MCI and PD (p = .282) as 

of sex (F (1, 75) = 0.361, p < .550). The interaction was not 
significant (F (3, 75) = 0.989, p < .403).

Three validity analyses were performed. First, an 
analysis of variance was performed using disease group 
(control group, MCI group, AD group, and PD group) 
as independent variable and VVT score as dependent 
variable. The analysis of variance revealed a significant 

Table 2 Item selectivity (item to total score correlation) of the Vienna Visuo-constructional Test for the total sample

Item Item to total score 

correlation

Item Item to total score 

correlation

Item Item to total score 

correlation

Clock Pentagons Cube

Contour_a1 0.281 Line1 0.505 Line1 0.350

Contour_a2 0.147 Line2 0.674 Line2 0.381

Contour_a3 0.214 Line3 0.579 Line3 0.555

Number1_b1 0.609 Line4 0.539 Line4 0.428

Number2_b1 0.609 Line5 0.615 Line5 0.372

Number3_b1 0.610 Line6 0.543 Line6 0.474

Number4_b1 0.656 Line7 0.549 Line7 0.593

Number5_b1 0.604 Line8 0.622 Line8 0.432

Number6_b1 0.572 Line9 0.575 Line9 0.447

Number7_b1 0.699 Line10 0.570 Line10 0.454

Number8_b1 0.617 Length1 0.179 Line11 0.520

Number9_b1 0.652 Length2 0.291 Line12 0.602

Number10_b1 0.694 Length3 0.295 Length1 0.249

Number11_b1 0.623 Length4 0.179 Length2 0.252

Number12_b1 0.554 Length5 0.250 Length3 0.322

Number1_b2 0.131 Length6 0.218 Length4 0.200

Number2_b2 0.461 Length7 0.109 Length5 0.332

Number3_b2 0.504 Length8 0.209 Length6 0.351

Number4_b2 0.500 Length9 0.268 Length7 0.335

Number5_b2 0.459 Length10 0.253 Length8 0.365

Number6_b2 0.405 4_length1 0.435 Length9 0.263

Number7_b2 0.543 4_length2 0.433 Length10 0.297

Number8_b2 0.530 4_length3 0.484 Length11 0.239

Number9_b2 0.506 4_length4 0.484 Length12 0.344

Number10_b2 0.508 4_parallel1_3 0.226 Parallel1 0.068

Number11_b2 0.470 4_parallel2_4 0.272 Parallel2 0.278

Number12_b2 0.448 Parallel3 0.337

Hands_c1 0.512 Parallel4 0.318

Hands_c2 0.512 Parallel5 0.342

Hands_c3 0.326 Parallel6 0.373

Hands_c4 0.279 Parallel7 0.309

Hands_c5 0.349 Parallel8 0.295

Hands_c6 0.316 Parallel9 0.301

Parallel10 0.204

Parallel11 0.199

Parallel12 0.263

Parallel_line1 0.195

Parallel_line2 0.303

Parallel_line5 0.281

Parallel_line8 0.352
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figure [13, 28] and that drawing-to-command and copy 
conditions are localized in different brain regions [12]. 
Against this backdrop, we developed a new measure to 
assess visuo-constructional functions based on widely 
used clinical tests.

One goal of the present study was to develop a man-
ual for administering and scoring the VVT. For this rea-
son, we investigated the psychometric quality of the 
newly developed measure. Internal consistency, which 
addresses the homogeneity of a single test form, was 
investigated using Cronbach’s alpha. Analyses revealed 
reliability coefficients (Cronbach’s alpha) ranging from 
0.82 for the healthy control group to 0.93 for the total 
patient group. Both coefficients are highly satisfactory. 
The scale intercorrelations were also found to be in a sat-
isfactory range. Importantly, excluding items would not 
enhance the reliability of the test.

In a next step, age and sex effects were examined in 
the healthy control group. We did not find sex effects, 
indicating that women and men performed equally well. 
Age, however, negatively affected VVT performance (i.e., 
higher age groups performed worse). Accordingly, cor-
relational analysis between age and VVT performance 
showed a significant negative correlation (− 0.38).

We also investigated the discriminant power of the 
VVT. The VVT significantly discriminated between 
healthy controls and all patient groups. The diagnos-
tic accuracy of the VVT, measured by means of receiver 
operating curves (AUC) using healthy controls vs three 
patient groups, was satisfactory with AUCs of 0.70 for the 
MCI group, 0.80 for the PD group, and 0.88 for the AD 
group, respectively. Thus, the VVT is able to correctly dis-
criminate diseased from nondiseased subjects.

Previous studies [14–17] showed that visuo-con-
structional tests were only able to discriminate between 
patients with moderate-to-severe dementia, yet lacked 
sensitivity to detect cases of MCI. It should be empha-
sized that, in the present study, which included patients 
with incipient cognitive impairment, we were able to 
show that visuo-constructional functions measured via 
the VVT are also impaired in patients with MCI.

We further found low-to-moderate correlation coef-
ficients between VVT performance and performance in 
other cognitive domains of the neuropsychological test 
battery including attention, language, memory, and 
executive function, indicating that visuo-constructional 
function is an independent cognitive domain.

As with every other study, some limitations to this 
study should be noted. Firstly, as the healthy control 
group was not randomly drawn from the general popu-
lation, generalizability of the results may be limited. 
Future studies should include epidemiologically defined 
healthy controls. Secondly, patients with frontotemporal 
lobar degeneration, Lewy body disease, vascular disease, 
traumatic brain injury, substance/medication abuse, 
human immunodeficiency virus infection, prion disease, 
Huntington’s disease, etc. have not been investigated in 
the present study. In upcoming studies, these patient 
groups should be investigated to determine the reliability 

well as between the groups AD and PD (p = .528). Figure 1 
illustrates the results.

Healthy controls and patient groups were used to run 
several ROC analyses. The results yielded areas under 
the curve (AUC) of 0.703 (95 % confidence interval 
(CI) = 0.615–0.792, p < .000) for healthy controls vs MCI 
group, 0.875 (CI = 0.803–0.948, p < .000) for healthy con-
trols vs AD group, and 0.793 (CI = 0.691–0.895, p < .000) 
for healthy controls vs PD group, respectively. These 
results indicate that the VVT is capable of discriminating 
between controls and several disease groups.

We further determined the VVT’s discriminant valid-
ity by correlating VVT and age, education, MMSE score, 
and NTBV variables and found low-to-moderate correla-
tions. See results in Table 3.

Discussion

Several recently published diagnostic criteria for the 
assessment of neurocognitive functioning in patients 
with cognitive impairment require the evaluation of 
visuo-constructional abilities. In the newly published 
DSM-5 [3], for instance, visuo-constructional function is 
one of the cognitive domains which should be assessed 
in patients with NCD. Hence, there is a need for valid, 
reliable, and easy to administer neurocognitive measures 
to assess visuo-constructional functions.

The available literature, however, lacks a uniform defi-
nition of visuo-constructional functions. The first broad 
definition, called constructional praxis, included free 
drawing or copying of a drawing template and building 
or assembling [5]. Prior studies showed that there are 
several differences regarding free drawing or copying a 

Fig. 1 Mean Vienna Visuo-constructional Test scores. CI con-
fidence interval, CG control group, MCI mild cognitive impair-
ment group, AD Alzheimer’s disease group, PD Parkinson’s 
disease group
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sophisticated rater should assess both intra- and inter-
rater reliability. They sould ideally score all tests and have 

and the validity of the VVT in a variety of different patient 
groups. We did not report on scoring reliability. To assess 
scoring reliability, in future studies, a novel rater and a 

Table 3 Correlation coefficients between Vienna Visuo-constructional Test and age, education, MMSE and Neuropsychologi-
cal Test Battery Vienna variables for healthy controls and total patient groups

Healthy controls (N = 76) Patients (N = 103)

Age − 0.38** − 0.12

Education 0.12 0.27**

MMSE 0.05 0.39***

WST-IQ −0.01 0.21

NTBV

Domain attention

AKT time − 0.37** − 0.42***

AKT total/time 0.39** 0.39***

Trail Making Test—TMTB − 0.37** − 0.22

Digit-symbol test (WAIS-R) 0.38** 0.21

TMTB 2 TMTA difference − 0.39** − 0.23

Symbols counting (C.I.) − 0.32** − 0.41***

Domain executive function—phonematic verbal fluency

Phonematic verbal fluency PWT total words 0.21 0.02

Phonematic verbal fluency PWT l-words 0.09 − 0.07

Phonematic verbal fluency PWT f-words 0.13 0.27**

Phonematic verbal fluency PWT b-words 0.15 0.03

Domain executive function—interference

Stroop color words − 0.33** − 0.16

Stroop total/time 0.34** 0.17

Interference (C.I.) time − 0.38** − 0.39***

Interference (C.I.) total/time 0.36** 0.34**

Stroop color words—colors − 0.36** − 0.17

Stroop colors − 0.25* − 0.09

Domain language

Semantic verbal fluency SWT total words 0.24* 0.03

Semantic verbal fluency SWT supermarket items 0.14 − 0.05

Semantic verbal fluency SWT animals 0.34** 0.31**

Semantic verbal fluency SWT tools 0.06 0.01

Boston Naming Test (mBNT) 0.14 0.26**

Domain memory

Verbal memory total recall (VSRT) 0.30** 0.40***

Verbal memory immediate recall (VSRT) 0.13 − 0.03

Verbal memory delayed recall (VSRT) 0.25* 0.18

Verbal memory recognition (VSRT) 0.18 0.12

Domain 6/executive function—planning and nonverbal fluency

Planning maze test—NAI time − 0.31** − 0.42***

Planning maze test—NAI total/time 0.35** 0.37***

Nonverbal fluency five-point test—total correct 0.25* 0.12

Trail Making Test—TMTA − 0.21 − 0.28**

Nonverbal fluency five-point test—perseverations − 0.20 − 0.08

AKT Alters-Konzentrations-Test, WAIS-R Wechsler Adult Intelligence Scale—Revised, TMTA Trail Making Test version A, TMTB Trail Making Test version B, NAI 
Nürnberger Alters Inventar, C.I. cerebral Insufficiency test, VSRT Verbal Selective Reminding Test, mBNT modified Boston Naming Test, MMSE Mini-Mental State 
Examination, PWT phonematic verbal fluency, SWT semantic verbal fluencyt, WST Wortschatztest
*p < .05; **p < .01; ***p < .001. (uncorrected p)
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a set that have duplicated together (randomized by diag-
nosis and blinded to diagnosis).

In summary, our goal was to develop and validate an 
instrument assessing visuo-constructional functions in 
patients with cognitive dysfunction. We found the VVT to 
have excellent psychometric properties and to be easily 
applicable in clinical practice. As a next step, test-retest 
reliability and responsiveness of the VVT to therapeutic 
intervention will be established in a future research proj-
ect using longitudinal data. The VVT is a new measure 
that can successfully be used to identify visuo-construc-
tional problems in patients with cognitive dysfunction.
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