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Four complex activities of daily living (ADL) such as preparing coffee or fixing
and starting a tape recorder were assessed in six patients with chronic apraxia
after left hemisphere infarction, six patients with left hemisphere infarction but
without apraxia, and controls using only their left hand. Performance was rated
for the number of errors and for the amount of assistance needed to complete the
task, and errors were categorised. Whereas there was good inter-rater agreement
on the total numbers of errors and amount of assistance, reliability of error
categorisation was low. Apraxic patients had more difficulties than left brain
damaged patients without apraxia, who in turn had more difficulties than the
healthy controls.

The six apraxic patients were part of a therapy study aimed at restoring the
ability to perform the four ADL. Two methods of treatment were compared:
Direct training of the activity based on the guided performance of the whole
activity and exploration training aimed at teaching the patient structure–function
relationships underlying correct performance but which did not involve actual
completion of the activity. Performance improved with repeated testing of
untrained activities during an initial baseline, but there was no reduction of errors
or amount of assistance required for untrained activities during training of other
activities. Exploration training had no effect on performance, whereas direct
training of the activity reduced errors and need for assistance. Training effects
were largely preserved at follow up, but the rate of errors increased when the
trained activities were tested with a partially different set of objects.

As therapeutic results were restricted to the trained activity and to some degree
even to the very objects that were used for training, therapy of complex ADL
should be tailored to the specific needs and desires of patients and their relatives,
and it should be tied as closely as possible to the normal routine of the patient’s
daily life.
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INTRODUCTION

Apraxia is a sequel of left brain damage which may add to the impact which
aphasia and right-sided hemiplegia have on independence in activities of daily
living (ADL). Apraxia can manifest itself by defective imitation of gestures,
defective performance of gestures to command, and defective use of real tools
and objects. Defective use of tools and objects is particularly important for
ADL independence (Bjorneby & Reinvang, 1985; Foundas et al., 1995; Poole,
1998; Sunderland et al., 1999). About 20% of patients with aphasia in the early
stages after left hemisphere stroke commit errors when asked to handle simple
and familiar tools such as a hammer or a padlock (De Renzi, Faglioni, &
Sorgato, 1982; Goldenberg & Hagmann, 1998a). The incidence of failure rises
to 75% when basic ADL such as tooth brushing or dressing are tested in patients
with aphasia and right-sided hemiplegia (Goldenberg & Hagmann, 1998b).
When independence in basic ADL has been regained, patients and family rarely
complain spontaneously about the impact of apraxia on daily life, but on closer
questioning it sometimes turns out that patients have narrowed the range of
household responsibilities, have lost their competence for household repairs, or
have given up pastimes and hobbies involving use of tools and technical
devices. As most apraxic patients have aphasia and many have right-sided
hemiplegia, the withdrawal tends to be ascribed to these obvious disabilities
rather than being considered an independent sequel of left brain damage.

In a previous study (Goldenberg & Hagmann, 1998b) we have demonstrated
that independence in basic ADL can be restored by training in most of these
patients, but that there is no generalisation of therapeutic gains from trained to
untrained activities. The absence of generalisation was interpreted as evidence
that therapy cannot restore the basic ability to use tools and objects but teaches
patients only how to perform one particular activity. This failure might indicate
a principal limit of therapeutic possibilities, but it might also be due to an
inadequate choice of training methods.

It has been proposed that the ability to use tools and objects has at least two
components (Goldenberg & Hagmann, 1998a; Hodges, Spatt, & Patterson,
1999; Norman, 1989; Rothi, Ochipa, & Heilman, 1997; Roy & Square, 1985;
Vaina & Jaulent, 1991). On the one hand, “instructions of use” can be retrieved
from semantic memory—they specify how familiar tasks are accomplished by
prototypical use of familiar tools and objects. On the other hand, subjects can
infer possible functions of tools and objects from an analysis of their physical
structure. Direct inference of function from structure enables non-prototypical
use of familar tools and objects and the accomplishment of novel tasks. It is a
prerequisite for mechanical problem solving.

The absence of generalisation from trained to untrained activities led us to
conclude that patients had learned task-specific “instructions of use” but had
not regained the ability to infer function from structure, as otherwise they
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would have been able to apply such inferences to untrained activities. This
limitation may have been due to the choice of therapeutic approach. Training
was predominantly aimed at errorless completion of the whole activity.
Patients were guided through the critical steps of activities, and assistance was
reduced only gradually in accordance with the patients’ increasing compe-
tence. This kind of training seems better suited to establishing a routine for
performing the trained task than for evoking comprehension of the structure–
function compatibilities determining the course of action.

One purpose of the present study was to assess the efficacy of a therapeutic
approach explicitly aimed at restoring the ability to infer function from struc-
ture and to compare it with direct practice of the whole chain of the activity.

A further purpose of the study was to collect experience of therapy for
apraxia for patients who have already acquired some independence in basic
ADL. We wanted to know whether apraxia remains a major source of difficul-
ties for more advanced and complex ADL, and whether these patients can be
taught to perform complex activities involving unfamiliar objects and techni-
cally sophisticated equipment.

PATIENTS

Subjects were six aphasic patients who had suffered a cerebrovascular accident
of the left middle cerebral artery territory at least 6 months ago. They had been
noted to show severe apraxia and difficulties with basic ADL early after stroke.
All of them had already received rehabilitation including ADL training and
were now largely, although not completely, independent in basic ADL. They
lived at home with their families and were attending our day care unit for
speech therapy, physiotherapy, occupational therapy and social counselling.
Table 1 shows demographic and clinical data.

ASSESSMENT OF APRAXIA

Methods

Assessment of apraxia included tests of imitation, pantomime of object use,
real object use, and mechanical problem solving.

Imitation was tested for two kinds of meaningless gestures: Imitation of
hand position required the patients to copy 10 different positions of the hand
relative to the head while the configuration of the fingers remained the same.
For imitation of finger configurations the patients were asked to replicate 10
different configurations of the fingers, while the position of the hand relative to
the body was not considered for scoring (Goldenberg, 1996). For both kinds of
gestures two points were given for correct imitation on the first trial and one
point for correct imitation after repetition.
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Performance of meaningful gestures to command was tested for 10 panto-
mimes of object use such as “hammering a nail” or “looking through binocu-
lars”. Two points were credited for correct performance and one for slightly
inaccurate gestures or use of body part as object. For testing actual object use,
the same 10 objects were given to the patients and they were asked to use them
(Goldenberg & Hagmann, 1998a). Two points were credited for correct use and
one when correct use was achieved after hesitation and searching.

The “novel tool test” was used for assessing the ability to infer function from
structure and solve mechanical problems (Goldenberg & Hagmann, 1998a).
The test consists of six cylinders and six tools. Each cylinder has a part to which
one of the tools fits. One cylinder at a time is put in a socket, and three tools are
placed beside the socket. The patient is asked first to select the tool that is best
suited for taking up the cylinder, then to attach it to the cylinder, and lastly to lift
the cylinder out of the socket. Two scores are derived: Novel tool selection
evaluates the selection of the correct tool, and novel tool use the insertion of the
tool and lifting of the cylinder. Two points are given for each success on the first
trial, and one point for successful self-correction.

Results and Discussion

As can be deduced from Table 1, severity of apraxia varied between patients.
Whereas HE and GK scored in the severely defective range on all tests, the
other patients achieved normal or only mildly inferior results on some tests.
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TABLE 1
Demographic and clinical data

Patients Controls

HE DL GK WK RM EK Mean Range

Age
Months since CVA
Location of CVA
Hemiplegia
Aphasia
Imitation hand
Imitation finger
Pantomime
Object use
Novel tool selection
Novel tool use

60
12

P,O
+

Global
12
13
5

14
6
9

31
20
BG
+

Broca
15
20
13
18
10
11

66
60

F,P,T
+

Global
1

10
6

11
7

10

61
8

P
–

Wern
7

16
16
20

8
11

68
6

F,P
–

Global
17
n.a.
13
19
11
10

66
6

F,P
–

Global
17
n.a.
13
19
11
10

54.4

19.7
19.1
16.7
19.7
12.0
11.95

31–81

18–20
15–20
14–20
18–20

12
11–12

All patients except DL were male. Patients without hemiplegia could use their right hand but had
deficits of sense or fine motility. Control data have been collapsed from control groups published in
previous studies (Goldenberg, 1996; Goldenberg & Hagmann, 1998a).

F: frontal; P: parietal; T: temporal; O: occipital; BG: basal ganglia.



Impairment was mildest in WK who scored normally on four out of the six tests.
It should be remembered, however, that all patients were assessed more than
6 months after the cerebrovascular accident, had displayed severe apraxia in
the acute stage and had already received extensive occupational therapy and
ADL training. Apraxia is not a homogenous disorder, and normal performance
in one domain of praxis testing does not exclude impairment in another domain
(Goldenberg & Hagmann, 1997; Rothi et al., 1997; Goldenberg, in press). As
no patient scored normally on all tests we feel justified in concluding that all
patients displayed apraxia which had partly recovered and hence was only mild
in some of them.

It is noteworthy that all patients except HE and GK passed the test of object
use which means that they were capable of demonstrating the use of familiar
objects such as a comb or a hammer, but that no patients scored normally on
both aspects of the novel tool test. This might be interpreted as indicating that
they had regained routines for handling familiar objects but not the ability to
infer function from structure and solve mechanical problems.

ASSESSMENT OF COMPLEX ADL

Method

Four activities were selected for a test of complex ADL: Preparing coffee with
an automatic drip coffee maker; fixing a carpet knife and using it for cutting out
a rectangular piece of cardboard; changing batteries of a tape recorder,
inserting a cassette and starting it; and cutting a slice of bread and spreading
margarine and jam on it. They were tested in this order one after the other. For
each activity the objects needed were spread out on a table in front of the patient
together with three distractor objects which were not useful for the activity
(e.g., for preparing coffee: a fork, a spatula, and a tin-opener). For preparing
coffee the subjects had to leave the table to fetch water from the sink, whereas
for the other activities all necessary items were within reach.

At the beginning of each activity the therapist instructed the patient verbally
about the task and about the possiblity of asking for assistance. Assistance was
given on demand or if there was immediate danger of hurt or accident, as for
example when patients were cutting and the knife was moving towards the
plegic hand, or when a patient heated the coffee maker without having filled it
with water. The therapist gave as much assistance as necessary for performing
the activity successfully.

The whole test was video-taped, and rating was done from the video. Verbal
descriptions of all actions were written down with the help of a schema listing
the necessary steps. Errors and assistance were described, classified, and
counted. Table 2 shows the schema for classification of errors and gives
examples. If the first assistance given after a request was not sufficient and
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additional assistance was needed to overcome the problem, only one incidence
of assistance was counted.

To determine whether difficulties with complex object use were due to
apraxia the test was also administered to three healthy controls who performed
all activities with only their left hand and to six patients with left brain damage
(LBD) and right-sided hemiplegia, who had achieved normal results on all tests
of apraxia. Four of them were aphasic (1 global, 1 Broca, 2 amnesic).

Results

Reliability of test of complex ADL. To assess reliability of scoring one
complete test from each subject was rated independently by two judges. The
correlations between their scores were rather low for single categories of errors
(object errors: r = .37; spatial errors: r = .45; action errors: r = .61; perplexity:
r = .57), but satisfactory for the total number of errors (r = .78), and very good
for the amount of assistance (r = .98). There were no substantial differences
between correlations obtained for each of the patients, nor between those for
the different activities (maximal difference between corresponding correlation
coefficients, .10). Inter-rater agreement, as expressed by the number of errors
registered concordantly relative to the total number of registered errors, was
55% for object errors, 47% for spatial errors, 50% for action errors, 57% for
perplexity, 81% for total number of errors, and 86% for assistance. Because of
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TABLE 2
Categories and types of errors

Category Type Example

Object error Using the wrong object for a (correct)
action

Trying to cut bread with the fork

Spatial error Misplacing or misorienting one object
to another

Misplacing or misorienting the body in
relation to objects used

Inserting blade of carpet knife without
aligning it with bolts

Sitting too far away from working
space

Action error Omission of an action or performance
of an action which does not fit the
current state of the activity

Omission of a movement or
performance of an inappropriate
movement

Trying to start the tape recorder
without having inserted batteries

Chopping butter on slice of bread
instead of spreading it

Perplexity Hesitance

Touching or casual handling of objects

Asking the therapist for confirmation



the low reliability of error categorisation we confine further statistical evalua-
tions to the total numbers of errors and amount of assistance.

Influence of apraxia on complex ADL. As can be seen from Figures 1 to 7,
all apraxic patients had considerable diffulties with the initial test and needed
multiple assistance to complete the activities. There were no consistent differ-
ences between patients with or without hemiplegia (Mann-Whitney tests, all
ps > .5).

Table 3 compares the test results obtained by the apraxic patients at the
initial administration of the complex ADL test to those of the LBD patients
without apraxia and of the healthy controls. Errors and amount of assistance
were significantly more frequent in the apraxic patients than in either non-
apraxic LBD patients or healthy controls (Mann-Whitney tests, all ps > .05),
but they were also more frequent in the non-apraxic LBD patients than in
healthy controls (errors: p = .024; assistance: p = .095).

Discussion

Reliability of error categorisation. Inter-rater agreement for error
categorisation was disappointingly low. The agreement rate of about 50% is
lower than the mean agreement rate of 76% obtained for error classification in a
comparable test of complex ADL, the “multiple level action test”, by Schwartz
and coworkers (1998). One main difference between their and our scoring
method is that they used scoring sheets that enumerated an exhaustive list of
error descriptions and their associated codes. Scorers simply entered a mark
next to the appropriate error description. We discussed extensively the nature
and examples of error types but did not provide a list with prespecified classifi-
cations of most possible errors. We expected that raters who are familiar with
the principles of error classification would be able to classify errors on their
own.

As this expectation was not fulfilled we looked for errors which had received
different categorisations by the judges and found that for many of them
the decision was arbitrary. For example, cutting the cardboard directly on the
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TABLE 3
Results of test of complex ADL

Apractic patients
(n = 6)

LBD patients without
apraxia (n = 6)

Controls
(n = 3)

Median Range Median Range Median Range

Errors
Amount of assistance

65
20.5

32–105
5– 39

26.5
3

5–40
1– 8

5
0

5–7
0–1



anti-slide support could be considered an object error (using the support instead
of the cutting board) or as an action error (omitting to adjust the cutting board).
To take up an object not needed at the current stage of the activity and then put
down again could be considered an action error, an object error (assuming that a
useful other object should have been used), or an expression of perplexity. To
depress the serrated knife into the loaf of bread without slicing could be con-
sidered an action error (depressing instead of slicing or omitting the sagittal
component of the movement) or a spatial error (misorienting the knife with
respect to the loaf). To put the coffee filter basket on the jug without checking
for its alignment with the indentations on the jug could be considered a spatial
error (misplacing the filter in relation to the jug) or an action error (omission of
the additional step of controlling and correcting its exact position).

Schwartz et al. (1998) who achieved better inter-rater agreement by using an
exhaustive list of possible errors admitted that “adhering to the coding conven-
tions placed a heavy burden on scorers”. We think that the difficulties of
categorising errors in complex object use are themselves worthy of discussion.

The inherent difficulties of classification of action errors in apraxia can be
exemplified by a comparison with classification of linguistic errors in aphasia.
Classification of linguistic errors has proven very fruitful in research on
aphasia and has been one of the sources which motivated the attempt to classify
action errors of brain damaged patients (Mayer et al., 1990). For example,
the distinction whether a paraphasia violates the phonemic structure or the
syntactic appropriateness of a target word permits a direct conclusion about
the neurolinguistic competences of an affected patient. For the majority of
aphasic errors such a distinction can be made easily and unequivocally, because
phonology and syntax determine distinct features of the linguistic utterance and
can be varied to a large part independently from each other. Thus, a phonologi-
cally distorted or semantically inappropriate noun can function as a valid
constituent of a syntactically well-formed phrase. Although every linguistic
utterance is multidimensional, each dimension—e.g., phonology, semantics,
morphosyntax—determines a different aspect of its surface structure.
Ultimately, this transparency of linguistic errors owes much to the nature of
language as a rule-based system of signs. It is worth noting that reliability
of error classification deteriorates markedly and reaches values lower than
those obtained for action errors in our study, when literal transcriptions of
phonetic aberrations are attempted (Schwartz, Saffran, Bloch, & Dell, 1994;
Vieregge & Maassen, 1999). This may be due to the fact that the acoustic
realisation of the phonemic structure can vary widely with regional dialects or
with personal preferences and particularities of the speaker’s articulatory
apparatus. Auditory perception is tuned to the significant features of the
phonemic structure rather than to the variability of phonetic implementation.

Actions with objects are multidimensional too, but these dimensions—e.g.,
timing and direction of movement, selection of objects—are not regulated by
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distinct rules and cannot be varied independently from each other. Their
correctness depends on their combination. A movement which is correct for a
hammer is inappropriate for a screwdriver, and hammering with a screwdriver
could be considered as being wrong on the object or on the movement dimen-
sion, depending upon whether a nail or a screw is being used and whether the
purpose is fixing or removing it. The possibilities of interpretation increase
enormously when chains of complex actions with multiple objects introduce
selection and sequencing of actions as further dimensions offering alternative
interpretations to the same observations of errors. The equivocality of classifi-
cation ultimately refers to the fact that the combination of objects and
movements to complex action is determined not by combinatory rules but by
physical constraints and subjective goals. Classificatory dimensions have not
been foundational for the structure of actions but are applied by external
observers in an attempt to disentangle and describe their complexity. Classifi-
cation of errors in naturalistic actions is therefore an insecure endeavour which
is prone to evoke disagreement between judges and finally agreed decisions
may be made arbitrarily.

Apraxia and complex object use. Schwartz and colleagues (Buxbaum,
Schwartz, & Montgomery, 1998; Schwartz et al., 1998; 1999) have called into
doubt the specificity of the relationship between difficulties on complex ADL
or, as they term it, “naturalistic action” and distinct neuropsychological
syndromes. They suggested that difficulties in naturalistic actions are deter-
mined by limitation of general cognitive resources rather than being directly
referable to the specific sequels of local brain damage, as are apraxia in left
brain damage, hemineglect in right brain damage, and dysexecutive syndrome
in frontal lobe damage. Our data on the relationship between apraxia and
complex object use is equivocal. Patients with apraxia had more difficulties
than LBD patients without apraxia. However, LBD patients without apraxia
did have more difficulties than controls who used only their left hand. Rather
than being the sole cause of difficulties with complex object use, apraxia thus
appears to be an additional factor which augments the difficulties caused by
aphasia and hemiplegia or, respectively, by left brain damage. This continuity
may reflect either the increasing extent and severity of brain damage and conse-
quent depletion of general cognitive resources, or the addition of specific influ-
ences of hemiplegia, aphasia, and apraxia on complex object use. The
impossibility of distinguishing between these alternative mechanisms may be a
further manifestation of the “cognitive opacity” of naturalistic action, which
has already been discussed with respect to the difficulties of error classifica-
tion: The inherent constraints and difficulties of complex object use restrict
the loci and kinds of possible errors and leave little freedom for neuro-
psychological disorders to manifest themselves in specific and recognisable
ways. Closing the gap between theoretically motivated cognitive tests and
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observation of naturalistic actions remains a challenge for exploring the neuro-
psychology of complex object use.

THERAPY OF COMPLEX ADL

Therapeutic approaches

Based on the theoretical considerations put forward in the introduction, two
therapeutic approaches were contrasted:

Exploration training. This approach aimed at restoring the ability to infer
function from structure and solve the mechanical problems embedded in the
tasks. The objects involved in an activity were explored, but the activity itself
was not carried out. The therapist tried to direct the patient’s attention to func-
tionally significant details of the object. Explanations of their functional signif-
icance were given verbally and supported by gestures and pointing. Patients
were encouraged to feel and draw the objects with particular emphasis on
critical details, and the objects were compared with other objects used for either
the same or different purposes. For example, the serrated knife used for cutting
bread was compared with a saw and a plain knife to highlight the importance of
serrations for cutting. Emphasis on critical details was also stressed by
matching objects with photographs of exemplars which differed in the arrange-
ment of functionally significant details, e.g., other tape recorders with a
different location of the play button. Patients did not, however, practice use of
the tools.

Direct training. The patient was required to carry out the entire activity
with a minimum of errors. Support was given at all critical stages and was
reduced only as the patient’s competence increased. For example, the therapist
would take the patient’s hand and lead it through a difficult action. Later, the
therapist would sit beside the patient and perform the action simultaneously
with the patient or demonstrate the required action and let the patient copy it
afterwards. Performance of the whole activity was sometimes interrupted for
rehearsal of a critical passage but was completed after repeated performance of
the critical actions. Actions and objects contained in the activity were used for
training.

The therapy was conducted by experienced occupational therapistss (MD or
SH) who were familiar with the purpose of the study. Sessions were guided by
checklists detailing therapeutic possibilities for each of the two basic
approaches. The checklist for exploration training listed explanation, copying,
touching, comparison between objects, and comparison of objects with photo-
graphs, and for direct training guided performance of whole activity, passive
guidance, guidance by example, and rehearsal of single steps. The therapists
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were free to select therapies from this list according to the patient’s particular
difficulties and preferences but not to introduce any therapy not listed. Choice
of method was further restricted by obligatory therapies which had to be carried
out in each session. These were verbal and gestural explanations for explora-
tion training, and performance of the entire activity for direct training. The
contents of each therapeutic session were documented by marks on the check-
list and supplementary verbal notes.

Study design

The four activities were divided into pairs: A (coffee and carpet knife) and B
(bread and tape recorder). A complete test of all four activities was carried out
every two weeks. In the interval there were six therapy sessions of 1 hour each.
During the first intervals patients received no therapy related to the tested activ-
ities. These periods served as an initial baseline. The next interval was devoted
to exploration , and the following to direct training of pair A. As there was no
training of pair B during these periods, pair B was considered a simultaneous
baseline. For the next two intervals, the order was reversed: Pair A was
baseline, and pair B received first exploration and then direct training. Within a
week after the last test, the activities were tested in a variant with a partially
different set of objects, e.g., another type of tape recorder or another socket for
plugging in the coffee maker. After 3 months a follow-up test was carried out
with the original set of objects.

RESULTS

Single patients

Figures 1 to 7 show the course of errors and assistance for each patient. The
numbering of the figures corresponds to the chronological order of the patients’
inclusion in the study.

When designing the study we planned to have only one period of initial
baseline. Inspection of the results of the first two patients, HE and DL, showed
considerable improvement during this baseline which continued during the
subsequent period when activities A were subjected to exploration training. In
order to disentangle continuing baseline improvement from therapy effects, we
decided to insert a second period of initial baseline for subsequent patients.

DL had few difficulties with activities B and did not need any assistance for
completing them after repeated baseline testing. The study was hence stopped
after the therapies of activities A. She was examined with the variant but did not
attend for follow up.

As expected, improvement continued during the second baseline interval for
most of the patients. This was particularly marked for activities A which had
initially given rise to a higher rate of errors and amount of assistance than pair B
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Amount of
assistance

Figure 1. Course of assistance and errors across different intervals in HE. The upper panel refers to
activities A, the lower to activities B. The y-axis gives the numbers of assistances or errors, the x-axis the
number of the test. E: end of treatment; V: variant; F: follow up. Light hatching: Exploration training.
Dense hatching: Direct training.
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Figure 2. Course of assistance and errors across different intervals in DL. Designations as in Figure 1.
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Figure 3. Course of assistance and errors in GK. Designations as in Figure 1.
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Figure 4. Course of assistance and errors in WK. Designations as in Figure 1.
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Figure 5. Course of assistance and errors in RM. Designations as in Figure 1.
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Figure 6. Course of assistance and errors in EK. Designations as in Figure 1.



in all patients except GK. There were, however, no consistent improvements
during the subsequent periods of exploration training for activities A and
simultaneous baseline for activities B. We thus felt safe to conclude that the two
intervals of initial baseline had exhausted consistent effects of test repetition,
and that subsequent changes reflected the influence of specific treatments in
addition to random variation.

For external reasons there was a further interval without therapy between
completion of therapies A and start of therapies B, that is between tests 5 and 6,
in RM and EK. Changes during this interval were not considered for statistical
evaluation.

Efficiency of therapy

For statistical evaluation we computed the mean changes of errors and amount
of assistance from start to end of each kind of interval for each patient. For
example, in GK (Figure 3) the mean change during inital baseline was
computed from the differences between tests 1 and 2 and between tests 2 and 3
of activites A and B, hence from four data pairs. The value for exploration
training was computed from the changes of activities A between tests 3 and 4
and the changes of activities B between tests 5 and 6. The value for simulta-
neous baseline was derived from the changes of activities B during the third and
fourth interval and of activities B during the fifth and sixth interval. Changes
related to the variant and to follow up were evaluated by comparing the respec-
tive tests to the test immediately after the last treatment period (marked “E” in
Figures 1 to 6).

In this way, each patient contributed one data point each for changes of
errors and of need for assistance during each kind of interval, an exception
being made by the absence of follow up data from DL. These data are displayed
in Figure 7. The null hypothesis was that there was no difference between the
start and end of an interval or, respectively, that the change did not differ from
zero. It was tested by one-sample t-tests comparing the change to zero, and by
Wilcoxon tests comparing the mean number of errors and assistance at the start
and end of each interval. Both tests yielded essentially the same results. We
present those of the Wilcoxon test; p values are two-tailed.

Errors and assistance decreased significantly during intitial baseline (errors:
Z = –2.0, p = .046; assistance: z = –2.0; p = .046 ) but not during simultaneous
baseline (errors: z = –1.16, p = .25; assistance: z = –1.09, p = .28). Exploration
training had no effect (errors: z = –0.11, p = .92; assistance: z = –1.37,
p = .17), whereas direct training induced a significant reduction of errors and
assistance (errors: z = –2.2, p = .028; assistance: z = –2.21, p = .027).
Retesting with the variant and at follow up gave rise to a deterioration which,
however, reached statistical significance only for the number of errors with the
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variant (Variant: errors: z = –2.02, p = .043; assistance: z = –0.55, p = .58;
Follow up: errors: z = –1.48, p = .14; assistance: z = –1.13; p = 0.26).

Because of the possible confound of the first treatment period with the initial
baseline in HE and DL, the computations were repeated after exclusion of the
second interval of these patients. This exclusion altered the values for simulta-
neous baseline and exploration training but did not affect their statistical
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Figure 7. Mean changes of errors and assistance for each kind of interval and each patient. Init: initial
baseline; Sim: simultaneous baseline; Explor: exploration training; Direct: direct training; VAR:
variant; Fol: follow up.



significance (Simultaneous Baseline: errors: z = –0.11, p = .92; assistance:
z = –0.55, p = .58; Exploration Training: errors: z = –1.48, p = 0.14; assis-
tance: z = –0.95, p = 0.34).

Inspection of Figures 1 to 6 might give rise to the question whether the gains
obtained by direct training were greater than the losses during exploration
training and simultaneous baseline or, respectively, whether beyond initial
baseline there was a net benefit of therapy at all. To answer this question we
compared the numbers of errors and amount of assistance at the third examina-
tion with that at the end of therapy. This comparison showed a significant
reduction of both errors (z = –2.2, p = .028) and assistance (z = –2.21,
p = .027). When the third examination was compared to follow up, the effect
remained significant for assistance (z = –2.03, p = .042) but not for errors
(z = –1.21, p = .23).

DISCUSSION

The results of the therapy study can be summed up as follows: Performance
improved during the initial baseline, but there was no further reduction of errors
or amount of assistance for untrained pairs of activities simultaneous to training
of the other pair. Exploration training had no effect on performance, whereas
direct training of activity reduced errors and amount of assistance. Training
effects were largely preserved at follow up, but the rate of errors increased
when the trained activities were tested with a partially different set of objects.

Improvement during initial baseline

More than 6 months post-stroke, patients improved during the initial baseline.
This result contrasts with our previous study where patients who were only one
to two months post-stroke had shown no improvement at all for untrained activ-
ities. In that study the ADL test was interrupted when a patient was unable to
proceed, and a “fatal error” was recorded. By contrast, in the present study
assistance was given when the patient asked for it, and the amount of assistance
was recorded. Although not accompanied by any further demonstration or
explanation, the provision of assistance may have acted as a basic therapy
which helped the patients to overcome the obstacle on their own at the next
administation of the test. Furthermore, insufficient comprehension of the
verbal instruction by the aphasic patients might have contributed to errors at the
very first administration of the test. Helping the patients to complete the test led
them to comprehend the exact aim of the chain of actions. In any event, the
absence of further improvement during simultaneous baseline proves that the
benefit of repeated testing was limited to the first three administrations and that
further improvement could be obtained only by therapy.
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Inefficiency of exploration training

Whereas direct training of the therapy led to a substantial reduction of errors
and amount of assistance, exploration training turned out to be ineffective. The
conclusion that it is impossible to restore the ability to infer function from
structure may, however, be tempered by considering possible shortcomings of
our therapeutic approach. In order to have a clear and replicable distinction
between methods used for direct training and for exploration we excluded from
exploration training any motor practice of the actions associated with the
objects. For example, knives used for cutting were compared with knives used
for spreading but neither cutting nor spreading were carried out. This indirect
approach to teaching the functional significance of structural details may have
overtaxed the comprehension and reasoning capabilities of the aphasic
patients. We sometimes had the impression that patients acquired skill for the
training tasks but were unable to comprehend the rationale of these tasks and
their relationship to performance of the activity. For example, EK had difficul-
ties with the insertion of the blade into the handle of the carpet knife. He dis-
regarded the indentations of the blade and hence misoriented it with respect
to the holding pins. During exploration training, the blade was copied and
the indentations highlighted. After that training, EK reliably drew the indenta-
tion but when retested for performance of the activity, he disregarded them and
misoriented the blade.

Absence of generalisation

As indicated by the lack of any improvement during the periods of simulta-
neous baseline, there was no generalisation of therapy success from trained to
non-trained activities. There was even some specificity of the regained com-
petence for the particular objects used for the task, as indicated by the increase
of errors when the activities were repeated with a partially different set of
exemplars of the same objects. The initial hypothesis that exploration training
would augment generalisation was invalidated by its inefficiency for even the
primary activity.

As we have outlined, the total failure of our attempt to teach patients to infer
function from structure and solve mechanical problems might be due to short-
comings of the therapeutic approach. This leaves open the possibility that with
better training methods therapeutic success generalising to non-trained activi-
ties may be achieved. For example, exploration training can be made didacti-
cally more appropriate by actually performing the actions associated with
structural details, and it can be combined with direct training of the activity by
exploring functionally significant details of objects during the course of the
activity, and with reference to the patient’s own errors. In view of the total
failure to find any generalisation from successfully trained to non-trained
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activities in this and our previous study we remain nonetheless skeptical about
the possiblity of generalization.

CONCLUSIONS

We found that complex ADL can be restored by training apraxic patients, but
that the therapeutic gains remain restricted to the trained activity and to some
degree even to the very objects that were used for training. We think that these
findings have clear implications for clinical management of apraxic patients:
Therapy of complex object use should be tailored to the specific needs and
desires of the patients and their relatives, and it should be tied as closely as
possible to the normal environment of the patient’s daily life. Otherwise, it runs
the danger of remaining a pure exercise of therapeutic efficiency which does
not help the patient to master the challenges of daily life.
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