
Abstract The clinical balance tests presently used cannot
predict falls in Parkinson’s disease (PD), perhaps because
they probe fairly isolated “components” of postural con-
trol. The Multiple Tasks Test (MTT) is a new balance test
that simultaneously assesses multiple components of pos-
tural control. We investigated whether this MTT can detect
postural abnormalities in PD patients. Fifty young controls
(mean age 27.6 years), 20 elderly controls (mean age
62.5 years), and 20 PD patients (mean age 61.8 years,
mean Hoehn and Yahr stage 2.2) participated. The MTT
consisted of eight separate tasks of increasing complexity,
which were executed sequentially. These tasks were com-
posed of several motor components (standing up, walking,
avoiding obstacles, touching the floor, turning around, and
sitting down) and one cognitive component (answering se-
rial questions). Four additional components included carry-
ing an empty or loaded tray, wearing slippery shoes, and
reduced illumination. All components within each task had
to be performed simultaneously or directly sequentially.
Errors were defined as Hesitations (slowed performance)
or Blocks (complete cessation), which were scored sepa-
rately for execution of the motor and cognitive compo-
nents. Speed of performance was not stressed, but we did
measure the time taken to complete all tasks. The complete
MTT was performed by all subjects, except for a subgroup
of seven patients and seven elderly controls who per-
formed a shortened version, with only three of the eight se-
quential tasks (simple, intermediate, and most difficult).

The number of subjects that produced Hesitations or
Blocks for the motor components differed between the
three groups [two-way repeated measures MANOVA,
F(2,7)=20.56; P<0.001], patients making more errors than
young and elderly controls. Furthermore, the number of
subjects that made motor errors increased as the tasks be-
came more complex [F(2,7)=6.69; P<0.001]. This increase
differed across the three groups [significant interaction ef-
fect; F(2,7)=3,31; P<0.001] because particularly patients
produced motor errors during the more complex tasks. In
both control groups, 62% performed all eight consecutive
tasks without errors in the motor components. In contrast,
only 8% of the patients completed all tasks without motor
errors (log rank test, P<0.0001). This difference between
patients and controls disappeared if the cognitive compo-
nent was also scored, because more controls made cogni-
tive errors during complex tasks than patients. Controls ap-
parently gave priority to execution of the motor compo-
nents, which they performed significantly faster than the
patients. Both patients and controls made more errors dur-
ing the shortened MTT, suggesting that learning effects
(gain in performance through practice) influenced perfor-
mance on the complete test. The MTT is a new balance test
that clearly discriminates between healthy subjects and PD
patients. Unlike controls, PD patients lend less priority to
motor tasks over cognitive tasks. In addition, impaired mo-
tor learning may partially explain the higher error rate in
PD. Future studies must determine if impaired MTT per-
formance can predict actual falls in daily life.
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Introduction

Postural instability is a hallmark of idiopathic Parkinson’s
disease (PD) (Bloem 1992; Koller et al. 1989). It is one
of the most incapacitating features of the disease because
postural instability is difficult to treat (Bloem et al. 1996;
Bonnet et al. 1987) and frequently leads to falls, even in
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relatively early stage PD (Bloem et al. 1998a). Prevention
of these falls is important. Several strategies may be ef-
fective (Bloem et al. 2000a; Tinetti et al. 1994). To imple-
ment such prevention programs, fallers must be identified
at an early stage, but this proves difficult. History taking
is unreliable, as many patients forget their falls 
(Cummings et al. 1988), and presently used balance tests
fail to predict falls in PD (Bloem et al. 1998a).

Falls are probably difficult to predict due to their multi-
factorial pathophysiology. Yet, most clinical balance tests
investigate just one component of postural control, such as
leg strength or undisturbed gait. Very few tests are specifi-
cally designed to measure the multifactorial character of
postural instability. An exemption is the “stops walking
when talking” test (Lundin-Olsson et al. 1997), which si-
multaneously challenges a motor component (walking)
and a cognitive component (maintaining a conversation)
of postural control. Elderly individuals who stopped walk-
ing while talking had an increased risk of falls (Lundin-
Olsson et al. 1997). Apparently, walking when talking
poses a “central processing challenge”. When this chal-
lenge can no longer be met, the risk of falling increases.

Multiple task performance may be particularly infor-
mative in PD patients because they cannot process simul-
taneous or sequential tasks adequately (Brown and 
Marsden 1991; Marsden 1982) and are easily distracted
by irrelevant stimuli (McDowell and Harris 1997). PD
patients also have difficulty with a second task while
walking (Camicioli et al. 1998; Morris et al. 1996;
Nisipeanu and Inzelberg 1997; Nutt et al. 1992) or even
standing (Bazalgette et al. 1986). Interestingly, patients
appear to have extra difficulties when the secondary task
is more demanding (Bond and Morris 2000). In addition,
many interacting factors contribute to balance impairment
in PD (Bloem et al. 2000a; Rogers 1996), suggesting that
simple assessment of isolated postural components may
not suffice. Finally, PD patients may improve their motor
performance (including balance and gait) by using exter-
nal cues or by focusing attention on the task at hand, al-
lowing the frontal cortex to compensate for the defective
basal-ganglia circuitry (Dietz et al. 1993; Kitamura et al.
1993; Morris et al. 1994). These “conscious” motor strat-
egies make PD patients vulnerable during performance of
secondary tasks that distract their attention.

With these ideas in mind, we studied “stops walking
when talking” in PD (Bloem et al. 2000b). To our initial
surprise, the test was rarely abnormal and, moreover, did
not predict falls in PD. The most likely explanation was
that cognition was preserved in our patients, whereas
most elderly persons described by Lundin-Olsson et al.
(1997) were demented or depressed. Impaired dual-task
performance thus seems a marker for falls associated
with cognitive impairment, but not for falls caused by
(extrapyramidal) motor disability (Bloem et al. 2000b).

It is possible that simultaneously challenging multiple
postural components might better predict falls (particularly
those that are related to motor disability) than a strictly du-
al-task design (Mulder et al. 1993). Before prediction of
falls could be investigated, the present study was performed

with two goals. First, we studied whether simultaneous per-
formance of truly multiple (i.e., more than two) tasks could
discriminate between healthy subjects and PD patients. For
this purpose, we used a recently developed test battery
(termed the Multiple Tasks Test or MTT), which exposes
subjects to different combinations of up to eight different
functional tasks (Bloem et al. submitted). Our second goal
was to study the strategies for increasingly complex postur-
al tasks in PD. Several studies have suggested that healthy
subjects adopt a “priority strategy” that assures safe execu-
tion of certain task components at the expense of others
(Mulder and Geurts 1991). This approach resembled the
“posture first” strategy described for less-complex dual
tasks (Chen et al. 1996; Shumway-Cook et al. 1997).

According to this view, patients might reveal various
abnormalities. One possibility is that patients also em-
ploy such intended “priority processes”. Due to their un-
derlying balance impairment and restricted central pro-
cessing resources, patients would need to prioritize
(make “errors”) during less complex tasks than healthy
subjects. Patients and controls would thus show resem-
blance, albeit at differing task difficulties. This phenom-
enon indeed occurs in healthy subjects who show Parkin-
son-like impairments on cognitive tasks if sufficiently
distracted by resource-demanding secondary tasks
(Brown and Marsden 1991). Alternatively, patients may
have lost the ability to lend priority to complete particu-
lar components of a complex task. If this were true, per-
formance of the postural task would deteriorate by a
challenge to multiple components of postural control.
Patients might even be expected to fall, while attempting
to continuously perform all components of the task. To
answer these questions, we studied strategies for increas-
ingly complex postural tasks in PD.

Materials and methods

Subjects

We studied 20 patients with idiopathic PD (Table 1). Fifty young,
healthy subjects and 20 elderly subjects, which will be described
in more detail elsewhere (Bloem et al. submitted) are also includ-
ed here for comparison (Table 1). Patients were recruited from all
consecutive appointments at our outpatient department. We in-
cluded subjects who were ambulant community residents (with or
without walking aids) and able to follow simple instructions [Mini
Mental State Examination (MMSE) ≥24]. Subjects with other neu-
rological, visual, or orthopedic problems were excluded. We also
excluded patients with severe PD (Hoehn and Yahr stage 4 or 5)
because the added benefit of a screening test for falls would be
greatest in more moderately affected patients. Sixteen age-
matched partners of the patients participated as controls. The re-
maining four controls were healthy hospital employees whose age,
sex, and domestic variables were matched to those of the patients.
All subjects gave informed consent as approved by the Ethical
Committee of the Leiden University Medical Center.

Experimental design

Baseline clinical examination

One investigator (BRB) examined all subjects (patients approxi-
mately 1 h after intake of their usual antiparkinson medication).
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All elderly controls and PD patients received a detailed clinical
evaluation, which consisted of a medical interview, evaluation of
falls during the previous six months (using a standardized ques-
tionnaire), and a neurological examination, including the modified
Hoehn and Yahr stages, the Unified Parkinson’s Disease Rating
Scale (UPDRS) (Lang 1995), and the Mini Mental State Examina-
tion (MMSE) (Folstein et al. 1975). Individual Hoehn and Yahr
scores were stage 1 (n=1), stage 1.5 (n=3), stage 2 (n=5), stage 2.5
(n=6), and stage 3 (n=5). Subjects were regarded as fallers if they
reported at least one prior fall. Equilibrium and mobility were test-
ed with Tinetti’s balance and gait evaluation (optimal total score =
0; worst total score = 28) (Tinetti 1986), the sharpened Romberg
test, and tandem gait. As reported elsewhere for a different group
of PD patients (Bloem et al. 2000b), we also administered the
“stops walking when talking” test (Lundin-Olsson et al. 1997).
Young controls were screened to exclude neurological, orthopedic
or visual disorders, and received Tinetti’s balance and gait evalua-
tion plus the “stops walking when talking” test.

The multiple tasks test (MTT)

The MTT will be described in more detail elsewhere (Bloem et al.
submitted). Briefly, the MTT is new balance test that is based up-
on simultaneous assessment of multiple (>2) postural components.
The test was designed to represent everyday situations and should
have the potential of being applicable without specialized equip-
ment by clinicians. For this purpose, relevant risk factors for falls
were identified from an orienting literature review. We only select-

ed risk factors that were independently (in multivariate analyses)
and consistently (across studies) associated with falls in the elder-
ly and that could be transformed into functional tasks for use in a
consulting room. We also identified actual fall circumstances from
an earlier prospective survey in PD patients (Willemsen et al.
2000). These risk factors and fall circumstances were then “trans-
formed” into functional tests (or postural “components”) that re-
sembled everyday situations (Table 2). These components were
largely motor (e.g., undisturbed walking), cognitive (answering re-
petitive questions), visual (reduced illumination), or mixed (e.g.,
carrying a loaded tray). In addition, during several tasks, subjects
wore shoes with slippery soles. Given the difficulties in selecting
an appropriate secondary cognitive task, we did not attempt to in-
clude a second, different cognitive task. All these components
were subsequently combined to yield the MTT, which consists of
eight sequential tasks of increasing difficulty, due to simultaneous
challenge of an increasing number of postural components.

The MTT was performed in a quiet room (8×3 m, linoleum
floor) that was adequately illuminated and ventilated. A chair was
placed at each end of the room. Three obstacles (two were 9 cm
wide and 3 cm high, one was 36 cm wide and 1.5 cm high) were
positioned on the floor at variable distances (between 1 and 2 m).

During the first task, subjects stood up from a chair, walked
along a predefined course, turned 180°, and sat down again at the
end of the course. This was repeated seven times, but each time an
extra component was added to the previous and otherwise identi-
cal task. During the second task, subjects answered a continuous
series of brief questions while walking. The examiner walking be-
sides the subject posed each next question (from a standard list of

Table 1 Baseline characteristics of patients and controls. Data are
displayed as means (standard deviation in parentheses) or as indi-
vidual counts (percentage in parentheses). The P-values refer to

the difference between elderly controls and patients. N.A. Not
available, N.S. no significant difference

Young controls Elderly controls Patients P-value
(n=50) (n=20) (n=20)

Demography
Age (years) 27.6 (6.6) 62.5 (6.9) 61.8 (7.1) N.S.
Women 29 (58.0%) 11 (55.0%) 8 (40.0%) N.S.

Highest educational level
Primary education 1 (2.0%) 8 (40.0%) 9 (45.0%) N.S.
Secondary education 20 (40.0%) 10 (50.0%) 10 (50.0%) N.S.
University 29 (58.0%) 2 (10.0%) 1 (5.0%) N.S.

Neurological examination
Duration of disease (years) – – 6.7 (3.9) –
Hoehn and Yahr stage – – 2.3 (0.6) –
UPDRS motor score – – 30.1 (11.0) –
UPDRS total score – – 49.1 (15.2) –
MMSE N.A. 29.0 (1.2) 27.9 (1.9) 0.05

Fall history
Fallers (≤6 months) N.A. 4 (20.0%) 6 (30.0%) 0.06
Number of falls (≤6 months) N.A. 0.3 (0.5) 2.1 (5.4) N.S.
Fallers with injury (≤6 months) N.A. 7 (35.0%) 15 (75.0%) 0.01
Fear of falling N.A. 2 (10.0%) 8 (40.0%) <0.05
Restriction of activities N.A. 5 (25.0%) 13 (65.0%) 0.01
Problems with multiple tasks N.A. 1 (5.0%) 11 (55.0%) <0.005

Gait and balance
Retropulsion test N.A. 0.1 (0.2) 0.3 (0.4) N.S.
Tinetti balance score 0.0 (0.0) 0.1 (0.2) 2.7 (2.6) <0.001
Tinetti gait score 0.0 (0.0) 0.0 (0.0) 1.7 (1.4) <0.001
Tinetti total score 0.0 (0.0) 0.1 (0.2) 4.3 (3.6) <0.001
Stops walking when talking 0 (0.0%) 0 (0%) 3 (15%) N.S.
Sharpened Romberg N.A. 0 (0%) 9 (45%) <0.005
Tandem gait N.A. 4 (20%) 10 (50%) <0.05
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150 different questions about simple, everyday circumstances) di-
rectly after the answer to the previous question was given. During
the third task, subjects avoided three obstacles on the floor of dif-
fering height and width. During the fourth task, subjects carried an
empty tray. During the fifth task, the tray was loaded with two
hard-boiled eggs in cups and one loosely rolling egg. During the
sixth task, subjects wore indoor shoes with slippery soles. During
the seventh task, subjects squatted and tipped the floor halfway in
the obstacle course. During the eighth task, subjects wore sun-
glasses, while illumination was reduced.

Subjects were instructed to execute all components of each
task simultaneously, but at their own preferred speed. Some motor
components were in fact executed directly after each other, such as
touching the floor while walking, or sitting down after walking.
Nothing was suggested regarding the priorities of the respective
components. During all tasks, the investigator walked beside the
subject to prevent falls. Performance was recorded on videotape.

The same investigator (MS) scored the MTT for all subjects
directly during the test. Four components (carrying the unloaded
or loaded tray, wearing slippery shoes, and reduced illumination)
could not be scored independently, but served to complicate the
task and, thus, facilitate production of errors (see Table 2). Scoring
was performed separately for the “motor” components (standing
up, walking, avoiding obstacles, touching the floor, turning
around, and sitting down) and the one “cognitive” component (an-
swering questions). Impaired multiple-task performance can be re-
flected by slowing (Camicioli et al. 1997; Lundin-Olsson et al.
1998; Means et al. 1998) or a complete stop (Lundin-Olsson et al.
1997; Morris et al. 1996) in executing one or more components.
Therefore, the eight tasks were scored as follows: rapid perfor-
mance of all components within the task (“Normal”); obvious
slowing in one or more components within the task (“Hesitation”);
complete stop or inability to perform one or more components
within the task (“Block”). Only one patient had an imminent fall
during the test, which was scored as a motor Block. To detect
slowed performance, the individual baseline speed of answering
was first determined while subjects were seated. Similarly, speed
of walking, standing up, turning, and sitting down was compared
to baseline performance during the Tinetti Mobility Index. For
those patients who already had slowed performance during the
Tinetti Mobility Index (this was the case in most patients), a Hesi-
tation was scored if patients executed a task (e.g., walking) slower
than during rating of the Tinetti Mobility Index. Blocks never oc-
curred during rating of the Tinetti Mobility Index.

Hesitations and Blocks are analyzed separately, but are also
jointly referred to as “errors” to facilitate their joint description in
the text. The score was determined for all eight consecutive tasks
of the MTT. Because we were interested in individual perfor-
mance, our scoring system produced the number (or, expressed as
a percentage of the total group, proportion) of subjects with either

a completely error-free performance or at least one error during
any given test. Hence, subjects received an abnormal test score if
they made at least one error (Hesitation or Block) during a given
task. Conversely, subjects only received a normal score if they
performed all components within a given task without any error.
The absolute number of errors (either Hesitations or Blocks) for
each task was not scored, because scoring individual performance
is more helpful from a clinical perspective as a diagnostic tool. Al-
though subjects were left to execute the test at their own preferred
speed, we used the videotapes to measure the time between start
(standing up) and end of each task (seated position) as an extra
outcome variable.

Experiment 1. All 50 young controls, the first 13 elderly controls
[six women, mean (±SD) age: 62.0±7.8 years], and the first 13 pa-
tients (six women, mean age: 62.2±7.5 years) completed all eight
tasks of the MTT in order of increasing difficulty.

Experiment 2. To investigate the potential influence of learning
(performance gain) through practice, seven other elderly controls
(five women, mean age: 61.1±6.2 yeas) and seven other patients
(two women, mean age: 63.4±4.9 years) performed a shortened
version of the MTT. This included only the second task (walking
and answering questions), the fifth task (avoiding obstacles and
carrying a loaded tray), and the eighth task (touching the floor,
wearing slippery shoes, and reduced illumination). These three
tasks were also presented in order of increasing difficulty.

Statistical analyses

Variables of the baseline clinical examination were compared 
between elderly controls and PD patients with the unpaired t-test,
the Pearson Chi-square test, or Fischer’s exact test. For variables
available for all three groups, analysis of variance (ANOVA) was
used. A two-way (sequence direction by task complexity) 
MANOVA for repeated measures was used to compare the number
of subjects who produced errors (i.e., Hesitations or Blocks) for
each task across the three groups. Greenhouse-Geisser Epsilon was
used to correct for non-sphericity. The MANOVA was followed by
post-hoc multiple comparisons using Tukey’s test to correct for
multiple comparisons. In addition, we compared the proportions of
subjects who made errors for each individual task using the Chi-
square test. The same analyses were used to compare the number
of subjects who produced errors for each task across the two
groups who received the shortened version of the MTT. The time
taken to complete each task was compared between young and 
elderly subjects using a two-way (group by task complexity)
MANOVA for repeated measures, followed by post-hoc compari-
sons using Tukey’s test to correct for multiple comparisons.

Table 2 Components selected for use in the multiple-tasks test are
shown in the first column, while the respective tasks are shown in
the top row. The table also shows which components were used

(indicated by a “+” sign) during each of the eight consecutive
tasks. Asterisks indicate the components that were used for scoring
purposes

Components Respective tasks

One Two Three Four Five Six Seven Eight

1. Standing up* + + + + + + + +
2. Undisturbed walking* + + + + + + + +
3. Turning around* + + + + + + + +
4. Sitting down* + + + + + + + +
5. Answering questions* – + + + + + + +
6. Avoiding obstacles* – – + + + + + +
7. Carrying empty tray – – – + + + + +
8. Carrying loaded tray – – – – + + + +
9. Slippery shoes – – – – – + + +

10. Tipping the floor* – – – – – – + +
11. Reduced illumination – – – – – – – +
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Subjects who walked faster would perhaps be more inclined to
make errors. We therefore studied whether time taken to complete
the task was related to the total number of subjects who made
Hesitations or Blocks, using regression analysis. Because making
errors also negatively influences the time taken to complete a task,
we used movement time for the first task (undisturbed walking),
where no subject made errors.

The log-rank test was used to study whether the number of
subjects that performed all eight tasks without errors differed be-
tween the three groups. Relative risks (and 95% confidence inter-
vals) of making an error in at least one component of the test were
calculated using a Cox-proportional hazards model.

Results

Baseline examination

The baseline characteristics are shown in Table 1. The
educational levels were comparable for patients and el-
derly controls, but the proportion of subjects with uni-
versity education was higher among young controls than
both other groups (P<0.01). The MMSE was slightly
lower for patients than for elderly controls. The number
of prior falls and the percentage of prior fallers tended to
be higher for patients than for elderly controls, but these
differences were not significant. However, the percent-
age of injurious fallers was significantly higher for pa-
tients than for elderly controls. Furthermore, more pa-
tients expressed a fear of falling and restricted their daily
activities because of this fear. More than half the patients
reported problems with performance of simultaneous
tasks in daily life, whereas only one elderly control sub-
ject reported this. As expected, virtually all balance and
gait tests were more impaired in PD than in elderly con-
trols. However, neither the retropulsion test nor the
“stops walking when talking” test differed significantly
between patients and elderly controls. In fact, none of
the elderly control subjects and only three patients
stopped walking when talking.

Multiple tasks in Parkinson patients

All patients completed the eight functional tasks of the
MTT, except for one patient who had an imminent fall
during the eighth task that was prevented by the examin-
er (Table 3). The number of subjects that produced Hesi-
tations or Blocks for the motor components differed be-
tween the three groups [F(2,7)=20.56, P<0.001], patients
making more errors than young and elderly controls.
Furthermore, the number of subjects that made motor er-
rors increased significantly as the tasks became more
complex [F(2,7)=6.69, P<0.001]. This increase differed
across the three groups [significant interaction effect of
Task × Group; F(2,7)=3.31, P<0.001] because particular-
ly patients produced errors during the more complex
tasks. Task four, five, and seven showed the greatest dif-
ferences between patients and controls (Table 3).

Only 7.7% of the patients performed the entire MTT
without any motor Hesitation or Block (Figure1), and
this differed significantly from both control groups (log-
rank test, P<0.0001). Patients made more motor errors
than both young controls (RR=4.4; 95% confidence in-
terval 2.1–9.1) and elderly controls (RR=3.8; 95% confi-
dence interval 1.3–10.9). Note that Fig. 1 provides com-
plementary information to Table 3, which shows perfor-
mance for all subjects for each task. In contrast, the sur-
vival analysis presented in Fig. 1 implies that anyone
who produced an error during a given task did not pro-
ceed to the next task. This explains, e.g., why the 
Kaplan-Meier curve remains horizontal at task 7, even
though many patients made errors during this task (Ta-
ble 3). These patients had already made different errors
during earlier tasks as well and, therefore, no longer ap-
peared in the Kaplan-Meier curve.

Table 4 shows the proportion of subjects in each of
the three groups who produced cognitive errors. The
number of subjects that produced Hesitations or Blocks
for the cognitive components did not differ significantly
between the three groups [F(2,7)=0.26, P=0.77]. Howev-
er, for most tasks (except the most difficult one), less pa-

Table 3 Performances for the motor components within each of
the eight tasks of the multiple-tasks test (for tasks, see Table 2).
The numbers of subjects are shown (percentage in parentheses)
with a normal, rapid performance (N), a motor Hesitation (H) or a
motor Block (B). Hesitations or Blocks in the cognitive compo-
nent (answering serial questions) were ignored for this analysis.

Main effects for task complexity, group, and their interaction are
described in the text. The P-values refer to differences between
the three groups for each of the eight tasks (Chi-square test). Com-
parable results emerged from the post-hoc comparisons using 
Tukey’s test. N.S. No significant difference

Task Young controls Elderly controls Patients P-value
(n=50) (n=13) (n=13)

N H B N H B N H B

1 50(100) 0 (0) 0 (0) 13(100) 0 (0) 0 (0) 13(100) 0 (0) 0 (0) –
2 46 (92) 2 (4) 2 (4) 12 (92) 0 (0) 1 (8) 10 (77) 3 (23) 0 (0) N.S.
3 46 (92) 2 (4) 2 (4) 12 (92) 0 (0) 1 (8) 10 (77) 2 (15) 1 (8) N.S.
4 50(100) 0 (0) 0 (0) 11 (84) 1 (8) 1 (8) 8 (62) 3 (23) 2 (15) 0.001
5 47 (94) 3 (6) 0 (0) 10 (77) 1 (8) 2 (15) 9 (70) 2 (15) 2 (15) <0.05
6 41 (82) 9 (18) 0 (0) 12 (92) 1 (8) 0 (0) 8 (62) 4 (30) 1 (8) N.S.
7 47 (94) 3 (6) 0 (0) 9 (70) 2 (15) 2 (15) 5 (39) 3 (23) 5 (39) <0.001
8 47 (94) 3 (6) 0 (0) 13(100) 0 (0) 0 (0) 10 (77) 2 (15) 1 (8) N.S.
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tients tended to make cognitive errors than young and el-
derly controls. The number of subjects that made cogni-
tive errors increased significantly as the tasks became
more complex [F(2,7)=4.64, P<0.001]. This increase did
not differ across the three groups [no significant interac-
tion effect of Task × Group; F(2,7)=1.28, P=0.23].

The Kaplan-Meier curve (Fig. 2) again presented
complementary information. None of the patients com-
pleted the MTT without any errors when both the cogni-
tive and motor components were scored (Fig. 2). Howev-
er, the proportion of subjects without any motor or cog-
nitive errors did not differ between the three groups. This
was caused by the fact that the number of subjects who,
during at least one of the tasks, made cognitive errors in-
creased less for patients than for controls as the tasks be-
came more complex.

Influence of movement time

The total time to complete the entire MTT is shown in
Table 5 for all three groups. The total time to complete
the MTT differed between the three groups
[F(2,7)=34.59, P<0.001] because patients performed all
eight tasks slower than both control groups. In addition,
elderly subjects performed somewhat slower than young
subjects, particularly during the eighth and most difficult
task (P=0.02). Furthermore, movement time increased
significantly as the tasks became more complex
[F(2,7)=234.12, P<0.001]. This increase in movement
time differed across the three groups [significant interac-
tion effect of Task × Group; F(2,7)=21.96, P<0.001] be-
cause movement time increased more steeply in patients
than controls.

Fig. 1 Kaplan-Meier curves for the cumulative proportion of sub-
jects with a completely error-free performance for all motor com-
ponents within each respective task of the Multiple-Tasks Test.
Subjects who made an error (Hesitation or Block) for at least one
motor component of any given task were excluded from the fol-
lowing tasks. Errors in the cognitive component (answering serial
questions) were ignored for this analysis. Only 7.7% of the pa-
tients had an error-free performance, as opposed to 62.0% in both
control groups (P<0.0001)

Table 4 Performances for the cognitive components within each
of the eight tasks of the multiple-tasks test (for tasks, see Table 2).
The numbers of subjects are shown (percentage in parentheses)
with a normal, rapid performance (N), a cognitive Hesitation (H),

or a cognitive Block (B). Main effects for task complexity, group,
and their interaction are described in the text. The P-values refer
to differences between the three groups for each of the eight tasks
(Chi-square test)

Task Young controls Elderly controls Patients P-value
(n=50) (n=13) (n=13)

N H B N H B N H B

1 50(100) 0 (0) 0 (0) 13 (100) 0 (0) 0 (0) 13(100) 0 (0) 0 (0) –
2 46 (92) 3 (6) 1 (2) 13 (100) 0 (0) 0 (0) 12 (92) 1 (8) 0 (0) 0.81
3 46 (92) 2 (4) 2 (4) 12 (92) 3 (23) 0 (0) 12 (92) 0 (0) 1 (8) 0.10
4 44 (88) 6 (12) 0 (0) 12 (92) 1 (8) 0 (0) 12 (92) 0 (0) 1 (8) 0.16
5 41 (82) 7 (14) 2 (4) 12 (92) 1 (8) 0 (0) 12 (92) 1 (8) 0 (0) 0.77
6 39 (78) 10 (20) 1 (2) 11 (85) 2 (15) 0 (0) 12 (92) 1 (8) 0 (0) 0.78
7 36 (72) 13 (26) 1 (2) 11 (85) 2 (15) 0 (0) 11 (85) 2 (15) 0 (0) 0.78
8 39 (78) 11 (22) 0 (0) 6 (46) 6 (46) 1 (8) 8 (62) 5 (38) 0 (0) 0.06

Fig. 2 Kaplan-Meier curves for the cumulative proportion of sub-
jects with a completely error-free performance for all components
(both motor and cognitive) within each respective task of the Mul-
tiple-Tasks Test. Subjects who made an error for at least one com-
ponent of any given task were excluded from the following tasks.
Sixteen percent of the young controls, 30.8% of the elderly con-
trols, and none of the patients completed the test without any er-
rors (no significant difference)
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In all three groups, the number of Hesitations or
Blocks was unrelated to baseline movement time, as
measured during the first task where no Hesitations or
Blocks occurred (r=0.02; P=0.52 for young controls;
r=0.01; P=0.90 for elderly controls; r=0.13; P=0.20 for
patients).

Shortened MTT

Both elderly controls and patients made more motor er-
rors during all tasks of the shortened MTT, as compared
with the complete MTT. For example, during the com-
plete MTT, none of the 13 elderly controls produced mo-
tor errors during the eighth and most difficult task,
whereas three of the seven elderly controls (42.9%) pro-
duced errors during the same task as part of the short-
ened MTT. Only two elderly subjects (29%) and none of
the patients performed the three consecutive tasks with-
out any motor errors. Only during the fifth task was the
percentage of patients with motor errors identical (30%)
for the shortened and complete MTT.

Interestingly, as a consequence of this higher error
rate in both groups, the number of subjects who made
Hesitations or Blocks during the shortened MTT did not
differ significantly between elderly controls and patients.
This was true for both the motor and cognitive errors.
Thus, there was no difference in the number of subjects
that produced motor and/or cognitive errors between el-
derly controls and patients [F(1,2)=1.83, P=0.20]. For
example, during the eighth and most complex task, two
subjects in each group had motor Hesitations and one
subject in each group had a complete motor Block. The
number of subjects that made motor and/or cognitive er-
rors did not increase as the tasks became more complex
[F(1,2)=0.35, P=0.71], and there was no interaction ef-
fect of Task × Group [F(1,2)=2.19, P=0.13].

The time taken to complete each of these tasks again
increased for patients, as was the time taken to complete
the entire shortened MTT (56.4 s for controls versus
78.2 s for patients). These differences did not reach sta-
tistical significance [F(1,2)=2.74, P=0.12], probably due
to the small groups.

Discussion

Compared with healthy subjects, patients made consider-
ably more errors while performing the motor compo-
nents of the MTT. The difference between patients and
controls disappeared if errors were scored for both motor
and cognitive components. This suggests that, for com-
plex tasks, patients were less able to lend priority to mo-
tor performance than controls. Indeed, all patients per-
formed the first task without errors, but 92% of them
made at least one motor error during the more complex
tasks. Cognitive errors also increased with increasing
task complexity, but less so than in controls. Patients
thus seemed less able than controls to employ a “posture
first” strategy, but instead attempted to perform all tasks
simultaneously. However, due to their balance impair-
ment and restricted processing resources, neither motor
nor cognitive components were executed very success-
fully. This might be interpreted as a form of “risky” be-
havior that might lead to falls in daily life.

Patients performed the MTT considerably slower than
controls. This slowed performance may again index their
problems with multiple simultaneous tasks, but could
also reflect the bradykinesia that is inherent to the dis-
ease. We investigated whether this difference in speed of
task performance explained the results. Healthy subjects
moved much faster than patients, which may have in-
creased their liability to make errors, particularly for the
cognitive test. However, baseline movement time during
the first “undisturbed” task was unrelated to the number
of errors made by either controls or patients.

It is likely that learning affected the results of the first
experiment, where the sequential tasks were consistently
presented in order of increasing difficulty (a new compo-
nent was always added to the previous and otherwise
identical task). We considered administering the separate
tasks to all subjects in a random sequence, but this re-
quires enormous sample sizes to obtain statistically
meaningful results for each test sequence. In a different
experiment, learning effects were studied in more detail
by presenting the eight tasks to a different group of young
healthy subjects in reverse order, i.e., the most difficult
test first (Bloem et al. submitted). The results showed that
young persons made more errors during the most difficult
task when it was presented first, i.e., without prior “learn-

Table 5 Time (s) taken to com-
plete each task of the multiple-
tasks test (for tasks, see Ta-
ble 2). Ranges are displayed in
parentheses. Main effects for
task complexity, group, and
their interaction are described
in the text. The P-values refer
to significant post-hoc multiple
comparisons using Tukey’s test.
Significant differences were
consistently seen between pa-
tients and both control groups,
and between young and elderly
subjects for task 8 (P=0.02)

Task Young controls Elderly controls Patients P-value
(n=50) (n=13) (n=13)

1 8.0 (6.1–10.5) 8.6 (6.1–11.7) 10.5 (6.6–18.1) <0.0005
2 9.1 (5.7–18.8) 11.3 (7.5–22.5) 14.9 (8.5–24.6) <0.0001
3 8.6 (5.9–13.1) 9.7 (7.0–15.7) 14.6 (8.5–25.0) <0.0001
4 9.1 (5.3–17.3) 10.8 (7.0–16.2) 15.9 (8.1–37.3) <0.0001
5 11.5 (5.1–19.3) 12.8 (9.8–18.5) 19.1 (12.2–36.3) <0.0001
6 12.8 (8.6–21.7) 13.4 (7.7–18.6) 22.3 (13.4–59.3) <0.0001
7 18.0 (9.5–25.7) 20.9 (10.1–31.6) 39.8 (19.4–81.3) <0.0001
8 18.5 (10.8–26.2) 23.8 (15.7–34.1) 34.0 (20.9–69.5) <0.0001

Total 95.9 (68.5–130.7) 107.3 (82.8–150.2) 171.1 (114.0–349.3) <0.0001



ing” during the previous and less difficult tasks, suggest-
ing that learning effects indeed took place. These learning
effects seemed less pronounced for patients, because they
made more (motor) errors during the complex tasks. Such
a “motor learning defect” would have augmented differ-
ences between patients and controls for the more complex
tasks. However, whether “motor learning” (skill acquisi-
tion or a gain in performance through practice) is indeed
impaired in PD remains difficult to answer. Depending on
the experimental design and the employed definition of
“learning”, several studies reported impairments in PD,
particularly in more severely affected, untreated or de-
mented patients (Harrington et al. 1990; Heindel et al.
1989; Soliveri et al. 1997).

To evaluate this further, we administered a shortened
version of the MTT (to reduce learning opportunities) to
a new group of patients and controls. We assumed that, if
learning effects had confounded the complete MTT, both
groups would make more errors during the shortened
MTT. Furthermore, the number of errors should increase
more equally in both groups for the complex tasks of the
shortened MTT. Evaluation of a shortened MTT was also
attractive because it is less time-consuming.

Both effects were observed. Elderly subjects and pa-
tients made more motor errors during the shortened MTT
than during the complete test. Furthermore, the differences
between both groups were smaller with the shortened
MTT. Although the relatively small group size precludes
definitive conclusions, both findings suggest that learning
influences MTT performance. Furthermore, our findings
suggest that motor learning was impaired in PD, causing
greater difficulty with the complete MTT. These observa-
tions on learning effects may have practical implications.
For example, it is possible that simple tests (although less
time-consuming) may reveal fewer abnormalities in pa-
tients than lengthier tests, such as the complete MTT.

Our results suggest that the MTT (which consists
mainly of multiple motor components) is particularly in-
formative for subjects with mainly motor disabilities,
such as PD patients. In contrast, a dual-task design with
a combination of motor and cognitive tasks seems more
suitable to detect abnormalities in patients with mainly
cognitive decline. For example, cognitively impaired el-
derly subjects often stopped walking while talking, and
this abnormality is a good predictor of falls (Lundin-
Olsson et al. 1997). However, this test is usually normal
in PD patients with normal MMSE-scores and does not
predict their falls (Bloem et al. 2000b). While these con-
siderations apply to patients with more chronic deficits,
we should note that combinations of motor and cognitive
tasks might also be informative in patients with acute le-
sions, even in the absence of cognitive deficits, for moni-
toring a motor-learning process (Geurts et al. 1991). It
would be interesting to evaluate the MTT in subjects
with acute lesions, or in subjects with more prominent
cognitive decline than our patients, whose MMSE was
only slightly lower than in controls (MMSE-scores <24
were an exclusion criterion), and to compare the results
to dual-task impairment (Camicioli et al. 1997).

Although cognition was largely preserved, patients did
have more difficulties integrating multiple tasks than con-
trols. Educational differences did not explain the differ-
ence between patients and elderly controls. The results
therefore confirm the assumption that assessment of mul-
tiple (>2) postural components is more sensitive for de-
tecting balance impairment than a strictly dual-task de-
sign, such as “stops walking while talking” (Mulder et al.
1993). Bond and Morris (2000) recently arrived at the
same conclusion, when they observed that PD patients
had more difficulty walking while carrying a loaded tray
as opposed to an empty tray. Indeed, baseline evaluation
showed that most postural control measures were im-
paired in our patients. A notable exception was the retro-
pulsion test, which is commonly used to probe balance
impairment in PD (Bloem et al. 1998b; Lang 1995; Nutt
et al. 1992). The MTT apparently reveals postural abnor-
malities earlier than the retropulsion test, which uses an
unnatural stimulus (shoulder pull) and measures only few
postural components (righting and stepping responses).

Interestingly, more than half our patients reported dif-
ficulties with simultaneous tasks in daily life. Further-
more, during a prospective survey, almost half of the PD
patients fell while attempting to perform multiple tasks
(Willemsen et al. 2000). This included simultaneous mo-
tor tasks, such as carrying a tray while walking. In fact,
many patients described falls during situations that re-
sembled the most complex tasks of the MTT. These ob-
servations underscore the clinical relevance of balance
tests based upon a multiple-task principle.

The MTT revealed clear abnormalities in relatively
mildly affected patients. This suggests that the MTT may
be used for screening purposes. We are now prospectively
measuring falls in larger groups of tested subjects, and
such follow-up might unveil whether the MTT can predict
falls in daily life. Such a prospective study is more reliable
than correlating MTT performance to historical falls, in
light of the common amnesia for falls. This is exemplified
by the fact that the number of prior falls and the percent-
age of prior fallers only tended to be higher for patients
than for elderly controls, but these differences were not
significant [possibly due to a recall bias (Cummings et al.
1988)]. In contrast, PD patients had much higher fall rates
than controls during our prospective follow-up study
(Willemsen et al. 2000). This study also showed that PD
patients underestimated their prior-fall frequency. Interest-
ingly, in the present study, the percentage of injurious fall-
ers (which are likely better remembered than falls in gen-
eral) was significantly higher for patients than for elderly
controls. Finally, we realize that the MTT in its present
form is not an “end product”. We acknowledge that our
subjective “clinical” scoring system, while advantageous
for clinical use in a consulting room, has its shortcomings
in terms of reliability and is potentially subject to individ-
ual bias. The fourth and seventh task currently discerned
best between patients and controls, along with movement
time, but our study was not designed to answer in detail
what elements of the MTT caused most problems with
multiple-task performance. A shortened MTT should
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tact pressure in advanced Parkinson’s disease. Arch Phys Med
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when talking” as a predictor of falls in elderly people. Lancet
349:617
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ty, and falls: the effect of a manual task on basic mobility. J
Am Geriatr Soc 46:758–761

Marsden CD (1982) The mysterious motor function of the basal
ganglia: the Robert Wartenberg lecture. Neurology 32:514–
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McDowell SA, Harris J (1997) Irrelevant peripheral visual stimuli
impair manual reaction times in Parkinson’s disease. Vision
Res 37:3549–3558

Means KM, Rodell DE, O’Sullivan PS (1998) Obstacle course
performance and risk of falling in community-dwelling elderly
persons. Arch Phys Med Rehabil 79:1570–1576

Morris ME, Iansek R, Matyas TA, Summers JJ (1994) The patho-
genesis of gait hypokinesia in Parkinson’s disease. Brain
117:1169–1181

Morris ME, Iansek R, Matyas TA, Summers JJ (1996) Stride
length regulation in Parkinson’s disease. Normalization strate-
gies and underlying mechanisms. Brain 119:551–568

Mulder TW, Geurts AC (1991) The assessment of motor dysfunc-
tions: preliminaries to a disability-oriented approach. Hum
Mov Sci 10:565–574

Mulder TW, Berndt H, Pauwels J, Nienhuis B (1993) Sensorimo-
tor adaptability in the elderly and disabled. In: Stelmach GE,
Hömberg V (eds) Sensorimotor impairment in the elderly.
Kluwer Academic Publishers, Amsterdam, pp 413–426

Nisipeanu P, Inzelberg R (1997) Falls in elderly people. Lancet
349:1180

Nutt JG, Hammerstadt JP, Gancher ST (1992) Parkinson’s disease:
100 maxims. Edward Arnold, London

Rogers MW (1996) Disorders of posture, balance, and gait in Par-
kinson’s disease. Clin Geriatr Med 12:825–845

Shumway-Cook A, Woollacott MH, Kerns KA, Baldwin M (1997)
The effects of two types of cognitive tasks on postural stability
in older adults with and without a history of falls. J Gerontol
Med Sci 52A:M232-M240

Soliveri P, Brown RG, Jahanshahi M, Caraceni T, Marsden CD
(1997) Learning manual pursuit tracking skills in patients with
Parkinson’s disease. Brain 120:1325–1337

Tinetti ME (1986) Performance-oriented assessment of mobility
problems in elderly patients. J Am Geriatr Soc 34:119–126

Tinetti ME, Baker DI, McAvay G, Claus EB, Garrett P, Gottschalk
M, Koch ML, Trainor K, Horwitz RI (1994) A multifactorial
intervention to reduce the risk of falling among elderly people
living in the community. N Engl J Med 331:821–827

Willemsen MD, Grimbergen YAM, Slabbekoorn M, Bloem BR
(2000) Vallen bij de ziekte van Parkinson: vaker door houd-
ingsinstabiliteit dan door omgevingsfactoren. Ned Tijdschr
Geneeskd 144:2309–2314

probably include elements of the fourth and seventh task,
although inclusion of a dual task that includes a cognitive
component remains attractive for more directly revealing
whether a “posture first” strategy is used. Again, prospec-
tive studies should demonstrate which key elements could
be distilled for a brief and simpler clinical-screening pro-
cedure for postural instability and falls.
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