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Dementia of the Alzheimer type (DAT) affects most neuropsychological do
mains including language, memory, and visuo-spatial skills. The latter are 
usually assessed by poorly quantifiable copying tasks. We assessed constructional 
abilities using the Developmental Test of Visuomotor Integration (VMI) 
comprised of a series of model drawings of increasing complexity. Twenty-six 
patients meeting NINCDS-ADRDA criteria for DAT, 21 normal aged subjects 
with normal mental status examinations, and 14 patients with vascular dementia 
were tested. In DAT, we found significant correlations between visuoconstruc
tive ability and memory registration, delayed recall, and language functions 
such as confrontation naming and word-list generation. Less marked, but 
significant correlations were found in the vascular dementia group between 
visuoconstructive ability and memory registration and word-list generation. A 
few normal elderly subjects were unable to copy the most challenging figures. 
The study demonstrates that: (1) VMI is a convenient method for quantifying 
constructional deficits in DAT and other dementing illnesses; (2) constructional 
deficits are highly correlated with dementia severity and memo"ry and language 
deficits in DAT; (3) neuropsychological deficits are less highly inter-correlated in 
vascular dementia than in DAT; and (4) abnormal constructional skills are 
present in some normal elderly. 

Introduction 

Dementia of the Alzheimer type (DAT) accounts for approximately 50-
60% of all causes of acquired intellectual decline while vascular etiologies 
account for 13-25% of dementi as (Clarfield, 1988). The neuropsychological 
characteristics ofDAT have been well described. They include disturbances 
in language, memory, cognition (calculation, abstraction, problem solving), 
personality and mood, and visuo-spatial function (Cummings et at., 1986; 
Becker et at., 1988). Early in the course ofDAT, visuospatial deficits become 
apparent as patients exhibit environmental disorientation and have diffi-
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culty dressing (Henderson et at., 1989). On neuropsychological testing, such 
patients demonstrate impaired performance on tasks that require the 
copying of figures (visuoconstructive ability) (Henderson et at., 1989; 
Brouwers et at., 1984). In DAT, these deficits are thought to reflect the 
characteristic pathologic involvement of parietal cortices by neuronal loss, 
neuritic plaques, neurofibrillary tangles, amyloid angiopathy, and deficits in 
acetylcholine and other essential neurotransmitters (Brouwers et at., 1984). 

In vascular dementia, acquired deficits also involve multiple intellectual 
functions often including disturbances in visuoconstructive ability. Focal 
pathology involving the right parietal lobe is particularly likely to produce 
visuospatial deficits (Mesulam, 1981). Lesions involving frontal systems may 
also result in impaired planning, sequencing and strategy, contributing to 
visuoconstructional disturbances (Stuss and Benson, 1986). The neuropsy
chological syndrome of vascular dementia has been characterized as 
"patchy" with involved and spared functions varying from patient to 
patient (APA, 1987). No operationalized criteria have been developed for 
this concept. 

In most studies, visuoconstructive abilities are assessed by having 
patients draw or copy relatively complex figures such as houses, flowers, or 
clocks. These figures are sensitive to the deficits of demented patients but are 
difficult to quantify and do not facilitate investigation of the entire spectrum 
of constructional abnormalities. 

We initiated the current study to examine performance on a readily 
quantifiable visuoconstructive task, the Developmental Test of Visual
Motor Integration (VMI) (Beery, 1989) and to seek correlations between 
visuoconstructive ability and performance on tasks assessing memory and 
language in patients with well-defined DAT. We then compared these 
results with two additional groups of subjects: patients with vascular 
dementia and healthy non-demented older adults. We hypothesized that 
both dementia groups would perform significantly more poorly than non
demented subjects on the VMI and that visuoconstructive deficits in the 
DAT group would correlate strongly with impairment in memory, lan
guage, and overall dementia severity. We posited that while such correla
tions might also exist in the vascular dementia patients, they would be less 
uniform than in DAT. We further hypothesized that "patchiness" of 
deficits is expressed as low intercorrelations between scores on tests of 
different intellectual functions. 

Subjects 

Two patient groups (DAT and vascular dementia) and an age-matched 
non-demented control group were studied. All patients underwent physical, 
neurological, and mental status examinations and had a thorough labora
tory evaluation, electrocardiogram, chest radiograph, and computerized 
tomography (CT) or magnetic resonance imaging (MRI) of the head. The 
DAT group was comprised of 26 patients who met criteria for "probable 
Alzheimer's disease" as defined by the National Institute of Neurological 
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Disorders and Stroke-Alzheimer's Disease and Related Disorders Associ
ation Work Group (McKhann et at., 1984). The vascular dementia group 
was comprised of 14 patients who had Hachinski Ischemia Scale Scores 
(Hachinski et at., 1975) greater than 7 and who met criteria for multi-infarct 
dementia as outlined in the revised third edition of the Diagnostic and 
Statistical Manual of Mental Disorders (DSM-IIIR) (APA, 1987). The 
control group was composed of 21 healthy, volunteer subjects who self
reported no history of intellectual deficits or significant neurologic or 
psychiatric illness. All control subjects had Mini-Mental State Examination 
(MMSE) (Folstein et at., 1975) scores of at least 27 out of a possible 30. 
There was no significant difference in age among the three groups (overall 
mean = 71 years, range 47-88 years). The DAT group had significantly 
more years of formal education than the controls (mean difference = 2·3 
years, p<0·05). 

Methods 

A comprehensive battery of neuropsychological tests assessing visuocon
structive ability, memory, language, and overall dementia severity was 
administered to each study participant. Visuoconstructive ability was 
measured by performance on the VMI (0---':24 points). Following standard 
instructions, subjects were asked to copy a series of 24 increasingly compli
cated figures. The figures to be copied range from a simple straight line 
(VMI item #1) to complex interdigitating stars (VMI item #24). Each 
reproduced figure was then scored by the examiner as pass or fail using the 
test's detailed standardized criteria. Total score on the VMI reflected the 
number of copied figures that were passed. For individuals aged 14 years 
and above a score of 18 out of a possible 24 represents two standard 
deviations below the mean. The VMI has been used extensively in the study 
of visuoconstructive development in children and has proven to be reliable 
and valid (Beery, 1989). 

We assessed memory function by administering the Shopping-list test 
(McCarthy et at., 1981) modified by shortening the list of words to be 
learned from 10 to 5. There were three separate component scores to this 
task: memory registration, delayed spontaneous recall, and delayed recall 
with cueing. Subjects were read a list of five grocery items and asked to 
repeat them over several trials until all five items were learned, or a total of 
five trials were completed, whichever came first. The memory registration 
score reflected the total number (0-5) ofitems learned on the last completed 
trial prior to a 15 min delay. The delayed spontaneous recall score (0-5) 
represented the total number of items spontaneously recalled by the subject 
after a 15 min delay. The delayed recall with cueing score (0-5) represented 
the delayed spontaneous recall score plus any additional items remembered 
after categorical and multiple choice cues were provided. 

Language integrity was measured by performance on the Boston Nam
ing Test (Kaplan et at., 1982), a test of confrontation naming (0-60 points), 
and word-list generation (total number of animals generated by the patient 
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in 1 min) (Goodglass and Kaplan, 1983), a test of verbal fluency. Overall 
dementia severity was measured by the MMSE. 

Statistical ana(ysis 

Associations between VMI scores and measures of memory, language and 
dementia severity were assessed using the Spearman (rank) correlation. This 
assessment was done separately for the three groups of subjects (DAT, 
vascular dementia, normals). Both the simple correlations and partial 
correlations controlling for severity (as measured by MMSE) were com
puted. 

Mean VMI, memory, language and dementia severity scores across the 
three groups were compared using ANOVA and post-hoc Hests. The 
standard errors used in these t-tests were based on the pooled variance across 
the three groups (one-way ANOVA, within-group pooled variance). The 
Tukey (studentized range) significance criterion was used to adjust for 
multiple t-tests so that the overall type I error (alpha level) was 0·05 or less. 

Since we suggested that the relationship of VMI to memory and 
language might be affected by overall dementia severity, VMI scores in 
DAT and vascular dementia patients were compared after stratifying into 
high versus low MMSE groups using an MMSE cutoff score of 15. 

Results 

Table 1 demonstrates the means and ranges of scores obtained for all three 
groups of subjects on the neuropsychological tests administered. In the DAT 
group, MMSE scores ranged from 0-26 (mean = 10). This was significantly 
lower than the controls (mean difference = 18'0, P < 0·05) and the vascular 
dementia group (mean difference = 8·1. P < 0'05) (Table 2). Representative 
examples of impaired visuoconstructive ability in two DAT subjects is 
illustrated in Fig. 1. The mean VMI for the entire DAT group was 8 with a 
performance range of 0 to 23. 

Correlational analyses of performance on each individual neuropsycho
logical test with VMI score is shown for all three groups of subjects in Table 
3. In the DAT group, VMI scores strongly correlated with MMSE 
performance (r=0'91, p=O'OOOI), word-list generation (r=0'91, 
p= 0'0001), Boston Naming Test (r= 0'85, p= 0'0001), and memory regist
ration and delayed recall with cueing sections of the modified Shopping List 
Test (r=0'81, p=O'OOOI; r=0'66, p=O'OOI respectively). There was a 
significant but less marked correlation between VMI and the delayed 
spontaneous recall section of this memory test (r= 0'47, P < 0'02). 

In the vascular dementia group, VMI scores ranged from 1 to 23 (mean 
score 13). Significant, but less compelling relationships were observed 
between VMI scores and word-list generation (r = O' 58, P < 0'05) and 
memory registration (r=0·78,p<0·005). No other correlations emerged. 

For the control group, VMI scores ranged from a low of 15 to a high of 
24 (perfect score). Significant correlations were noted between VMI and 
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TABLE I. Characteristics and neuropsychological performance of dementia patients and control subjects 
(mean and range) 

DAT Vascular dementia Controls 
( N=26) (N= 14) (N=21) 

._,._------------------
Age (yrs) 72 (52-85) 70 (47-80) 71 (50-88) 
Education (yrs) 14 (9-16) 12 (8-16) 12 (8-16) 
MMSE 10 (0-26) 18 (10-29) 28 (27-30) 
VMI 8 (0-23) 13 (1-23) 21 (15-24) 
Word-list 4 (0-14) 8 (1-21) 20 (8--48) 
Boston Naming Test 15 (0-56) 35 (4---53) 49 (17-60) 
Memory-regist. 2 (0-5) 4 (1-5) 5 (5) 
Memory-delayed spontaneous 

recall 0(0-3) I (0--4) 4 (1--;-5) 
Memory-delayed recall + cueing I (0-4) 3 (0-5) 5 (4-9) 

DAT indicates dementia of the Alzheimer type; MMSE, Mini-Mental State Examination; 
and VMI, Developmental Test of Visuomotor Integration. Values are expressed as mean, 
with range in parenthesis. 

TABLE 2. Differences between means for all groups of subjects (t-test comparisons) 

DATvs Vascular dementia DATvs 
controls vs controls vascular 

dementia 

Age (yrs) 0·6 1·1 1'6 
Education (yrs) 2'3* 0·4 1·9 
MMSE 18'0* 9'9* 8'1 * 
VMI 12'8* 8'1* 4·7 
Word-list 16·1 * 12'0* 4·1 
Boston Naming Test 34'1* 13'9* 20'2* 
Memory-registration 3'3* 0·6 2'6* 
Memory-delayed spontaneous recall 3'3* 2'7* 0·6 
Memory-delayed recall + cueing 4'2* 2'6* 1'6* 

DAT indicates dementia of the Alzheimer type; MMSE, Mini-Mental State Examination; 
VMI, Developmental Test of Visuomotor Integration. Values are expressed as difference 
between means. *p < 0·05 

MMSE scores (r= 0'53, p < 0'02), word-list generation (r= 0'59, p < 0'005), 
and Boston Naming Test scores (r=0·65,p<0·005). 

DAT patients were significantly more severely intellectually impaired, as 
measured by the MMSE, than the vascular dementia patients, and dif
ferences between the VMI performances of the two groups might be 
attributed to dementia severity. Within the vascular dementia patients, 
however, there was no correlation between VMI and MMSE scores 
(r=0'33, unadjustedp=0'25), whereas in DAT there was a strong relation
ship between VMI and MMSE (r=0'9l,p=0'0001, Tukey p<0·02). Thus, 
in the vascular dementia group, constructional disturbances cannot be 
attributed to overall severity of dementia (MMSE score); in the DAT group 
the two were strongly associated. A similar independence of MMSE and 
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patient 1 
VMI=15 

MMSE=ll 

patient 2 
VMI=tt 

MMSE=16 

NOTE: upper rows show VMllest figures. 
lower rows show patient copies. 

FIG. 1. Representative examples of vi suo constructive deficits on the Development Test of 
Visuomotor Integration from two patients with dementia of the Alzheimer type. 

TABLE 3. Correlational analyses of test variables with V M I (r values) 

DAT Vascular dementia Controls 
------"----,.,,~. -.. -~." ... -
Age (yrs) 0'02 -0,26 -0'05 
Education (yrs) -0,10 0·21 -0,02 
MMSE 0'91~ 0'33 0'53* 
Word-list 0'91~ 0'58** 0'59t 
Boston Naming Test 0'85~ 0·28 0'65t 
Memory-regist. 0'81~ 0'78t 
Memory-delayed spontaneous recall 0'47* -0'12 0'42 
Memory-delayed recall + cueing 0'66~ 0·26 -0,06 

DAT indicates dementia of the Alzheimer type; MMSE, Mini-Mental State Examination; 
and VMI, Developmental Test of Vi suo motor Integration. Listed values represent Spearman 
rank correlation coefficients. Tukey p values: *p<0'02, **p<0'05, tp<0'005, ~p=O'OOOI 

performance on memory tests (registration, spontaneous recall, recall with 
cueing) and the Boston Naming Test was evident in the vascular dementia 
group; all these scores were significantly correlated with the MMSE in DAT. 
The overall pattern indicated that performances were not closely interre
lated· in vascular dementia whereas in DAT, skills in individual domains 
were strongly associated with the magnitude of overall cognitive decline and 
with each other. 



VISUOCONSTRUCTIONAL IMPAIRMENT IN DEMENTIA SYNDROMES 159 

Pass or fail performance on the construction item of the MMSE 
(overlapping pentagons) was compared with VMI scores for both the DAT 
and vascular dementia groups. In both groups of patients, no individuals 
with VMI scores below 13 were able to pass the MMSE construction. Three 
out of 21 control subjects failed the MMSE construction. 

Discussion 

The present study demonstrates that the VMI is an easily administered and 
readily quantifiable test of visuoconstructive competence that accurately 
distinguishes demented patients from normal controls. We confirmed that 
while impairment on visuo-constructional tasks is a common finding in DAT 
patients, the severity of impairment varies considerably. Moreover, in DAT, 
deficits in visuoconstructive ability closely parallel impairment in other 
intellectual functions such as memory, language, and overall dementia 
severity. The VMI lends itself to assessing severely impaired patients with 
marked behavioral disturbances and disorientation as well as relatively 
int~ct patients whose deficits can be revealed only by complex constructional 
tasks. 

In the vascular dementia patients, deficits in visuoconstructive ability 
correlated best with deficits in word-list generation, and impairment in 
memory registration. The more modest strength of these relationships 
compared to DAT and the lack of significant correlation between visuocon
structive ability and performance on tests of confrontation naming, recent 
memory, and overall dementia severity provide corroborative evidence that 
deficits in vascular dementia are less predictable than in DAT. We suggest 
that one potential definition for "patchy" deficits in vascular dementia is 
that neuropsychological deficits are not highly intercorrelated. 

Within our control group of aged normal individuals the mean VMI 
score was 21 out of a possible 24. Performance was variable (range 15-24) 
although no control subjects scored less than two standard deviations below 
the mean. Fourteen percent of the controls however, failed the MMSE 
construction. These data suggest that in our non-demented elderly control 
population, some individuals had difficulty copying figures. Design con
straints make it unlikely that visual, motor, or psychomotor speed deficits 
would account for the observed abnormalities. Several possible explanations 
for the variable performance can be proferred. First, a number of our 
controls are in the initial phases of a dementing illness. Impaired perform
ance on the VMI may be a prelude to the development of further 
intellectual decline. Second, visuoconstructive skills may be variable in the 
cohort and such performances would have been evident had they been 
tested in youth. Finally, decline in performance on demanding visuospatial 
tasks may be a feature of normal aging. Albert and Kaplan (1980) analyzed 
the visuospatial abilities of a large number of individuals included in a 
normative aging study who were tested with simple and complex construc
tions and object assembly tasks. They concluded from the error patterns that 
the constructional performance of normal elderly individuals is character-
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ized by a tendency to misplace or reorient stimulus details, segment the 
elements of the model, and isolate and focus on the most visually salient 
details. They hypothesized that such errors represented declining integrity 
offrontal systems in the course of normal aging. Similar types of errors were 
evident in the performance of our non-demented aged subjects, supporting 
the hypothesis that such changes may be evident in the normal elderly. 

Visuospatial and constructional deficits have been the subject of rela
tively few studies in DAT. Moore and Wyke (1984) compared 15 subjects 
with DAT and 15 elderly control subjects and found that DAT patients did 
significantly worse than controls on both the drawing and copying task. 
There were significant correlations between dementia severity as reflected on 
a rating scale and on several subtests of an intelligence test and the 
constructional performances. They noted that the drawings of DAT 
patients had both the impoverishment of detail previously reported in 
patients with left brain lesions and the fragmentation observed in the 
productions of patients with right brain lesions. More recently, Henderson 
and colleagues (1989) studied spontaneous drawings and copies of houses 
and clocks by 28 DAT patients; significant correlations were evident 
between constructional abilities and the MMSE, a spouse-rated spatial 
disorientation index, and the Boston Naming Test. Similarly, de Leon et ai. 
(1984) found that DAT patients who wandered were significantly more 
impaired on a battery of visuospatial tests than those who did not exhibit 
this behavior. These studies indicate that constructional deficits are common 
in DAT and they may be important contributors to behavioral disorders 
such as wandering. 

Among our DAT patients, there was only one subject whose cognitive 
performance reflected asymmetric hemispheric involvement. This subject's 
visuoconstructive ability was only minimally impaired (VMI = 20) while his 
language function, as tested by confrontation naming and verbal fluency, 
was significantly deficient (Boston Naming Test = 12, word-list genera
tion = 9). Foster et ai. (1983) and Celsis and co-workers (1987) have reported 
significant numbers of DAT patients with asymmetric clinical features. In 
our series of DAT patients, however, with the exception of the one subject 
cited above, disturbances of visuoconstructive function was regularly 
related to deficits in language and memory. 

The pathophysiologic correlates of constructional deficits in DAT have 
been explored using positron emission tomography (PET), CT, cholinergic 
treatment, and neuropsychological evaluations. PET studies reveal that the 
performance subtests of the Wechsler Adult Intelligence Scale (WAIS) 
(Wechsler, 1981) are more highly correlated with right parietal glucose 
hypometabolism, suggesting that constructional abnormalities are more 
determined by right brain dysfunction in DAT (Foster et ai., 1983; Celsis et 
ai., 1987; Haxby et ai., 1985). Significant correlations have also been found 
between visuospatial tests and cerebral atrophy in DAT as reflected in the 
width of the lateral ventricular bodies (r= -0'63), width of the frontal 
horns (r= -0'07), and width of the third ventricle (r= -0'49) (Eslinger et 
ai., 1984). Experimental physostigmine treatment of DAT resulted in a 



VISUOCONSTRUCTIONAL IMPAIRMENT IN DEMENTIA SYNDROMES 161 

significant improvement in constructional skills with greater effect on 
constructions than memory (Muramoto et al., 1984). The response suggests 
that the marked cholinergic deficits of DAT contribute importantly to the 
constructional abnormalities. Together, the existing evidence suggests that 
constructional disturbances in DA T reflect cortical degenerative and bio
chemical alterations and that posterior right hemisphere dysfunction may be 
most involved in production of these deficits. 

In conclusion, our data demonstrate that in DAT, visuoconstructive 
deficits, as measured by the VMI, correlate well with deficits in other 
intellectual spheres such as memory and language. In patients with vascular 
dementia, significant correlations exist between VMI scores and memory 
registration and verbal fluency. The pattern relating visuospatial impair
ment to other deficits is different in the two disorders. In a subset of 
identified healthy, non-demented subjects, performance on the more com
plex items of the VMI may be impaired. 
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