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Abstract

We examined the role of schema knowledge in everyday action by assessing the use of unfamiliar implements by
patients with subcortical and frontal lobe damage. Although the patients were relatively good at naming or showing
how the unfamiliar implements could be used outside of the task context, the patients omitted using the objects in
everyday life tasks more often than control participants—either omitting the action step involving the objects or
performing the action using a familiar object that was not normally used for this purpose. The data suggest that
knowledge about objects in the context of a task can play a determining role in how objects are used in everyday
action. In patients with reduced attentional resources, the task schema can over-ride weak bottom-up cueing of
action from the objects, with the result that unfamiliar implements are not used. (JINS, 2007, 13, 1035–1047.)

Keywords: Action disorganization syndrome, Everyday actions, Object and action recognition, Action schema,
Semantic knowledge, Object omission, Familiarity

INTRODUCTION

Our ability to use objects to perform familiar, everyday life
tasks depends on many factors—our learned knowledge
about the form and function of individual objects, the degree
to which the object “affords” an action from its visual prop-
erties, the goal for a particular substep of the task, and our
knowledge of the overall task and the order of the steps
needed for completion (the “task schema”; see Humphreys
et al., 2001, for a review). Theories differ in their stress on
these different factors. For example, Cooper and colleagues
(Cooper, 2002; Cooper et al., 2005) and Humphreys and
Forde (1998) maintain that everyday tasks are determined
by interactions between bottom-up, environmental informa-
tion (object affordances and learned object–action associa-
tions) and top-down knowledge about the task schema.
According to this notion, strong bottom-up activation from

an object can sometimes over-ride a weakened schema in a
patient, so that the patient uses the object in a way that it
“affords” rather than the way it ought to be used in the task
(e.g., pouring milk into an opened teapot). Similarly, objects
may be used in an inappropriate order, because the objects
afford an immediate action and there are impaired top-
down constraints from task schema (see Forde et al., 2004).

Other theorists, however, emphasize less the role of task
schema, stressing instead the possibility that task steps are
generated “on the fly” to achieve intermediate goals (cf. Joe
et al., 2002). One argument made here is that everyday
tasks can be accomplished in many ways, depending on the
specific context, so that behavior would be too fixed to be
useful, if dependent rigidly on a learned schema for a task.
On the other hand, there is considerable consistency in the
ordering of the steps in at least routine everyday actions
across normal participants, suggesting that normal partici-
pants do have stored knowledge about which steps to pro-
duce in which order (Humphreys & Forde, 1998). In cases
where arguments have been made against schema being
critical, relatively complex environments have been exam-
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ined where patients must inter-leave a series of different
tasks in a novel manner (e.g., the “2 3 3” test; Schwartz
et al., 1998). Under these conditions, top-down schema may
play a reduced role, because the novel situation means that
the schema are insufficient for good performance (although
see the data presented here).

One critical issue for theories proposing that task schema
play a determining role concerns the relations between
actions performed with objects in the context of an every-
day task, and knowledge of individual object use. For exam-
ple, Cooper and colleagues (Cooper, 2002; Cooper et al.,
2005) propose the existence of two separate networks: one
specifying the schema for the task [separately representing
the overall task goals, various subgoals (pour water, put
granules in the cup), and primitive actions (pick up, pour)],
and one specifying stored representations and associated
actions for individual objects. The distinction between
knowledge of how to use individual objects and how to
order subtask goals is supported by neuropsychological dis-
sociations between “script” and single-object action defi-
cits (Rumiati et al., 2001). Of interest, such dissociations
can extend beyond the distinction between action and script
deficits to include contrasts between how single objects are
used when presented alone and in a task context. Buxbaum
et al. (1997), Forde and Humphreys (2000), and Schwartz
et al. (1995) all report patients who had good access to
semantic knowledge of individual objects (e.g., on tasks
requiring associated objects to be matched together) but
who still made semantic errors when performing everyday
tasks. Such cases may arise because information in the
schema, about the actions that should be performed in the
task, are damaged, leading to inappropriate actions being
generated to the objects. According to this idea, actions in
the context of a multistep task are generated through the
schema (even if it is impaired), even though correct actions
might be associated with the individual object representa-
tions themselves.

The opposite dissociation, in which objects are used cor-
rectly only in the context of action, has been noted by Rid-
doch et al. (2002). These authors reported a patient who
was poor at defining and demonstrating the use of individ-
ual objects (indicating a semantic rather than a pure naming
impairment) but who used the objects appropriately for
everyday actions. Here higher-order knowledge, presum-
ably from a schema for the task, helped to cue the correct
actions.

If task schema interact with information about individ-
ual objects to influence how objects are used in everyday
tasks, then it is possible that performance might vary accord-
ing to whether familiar or unfamiliar objects are part of
the repertoire for the task. Such differences might be
expected particularly in subjects who are operating with
reduced attentional resources, which may limit particular
processes such as error monitoring along with general
levels of activation within the networks supporting object–
action associations and task schema. Schwartz and col-
leagues (e.g., see Schwartz, 2006, for a review) have noted

that neuropsychological patients with a wide variety of
different brain lesions can have problems in everyday life
tasks, and have accounted for this in terms of there being a
general decrease in cognitive resource that affects tasks
requiring sustained, goal-based behavior over time. In
explicit models of everyday task performance, this may be
captured by there being reduced activation within the net-
works supporting performance (Cooper, 2002; Cooper et al.,
2005), so that inappropriate actions are generated or appro-
priate actions are generated but in the wrong order. If
patients allocate their reduced resource to the task schema
rather than to the representations of individual objects,
then actions with unfamiliar objects may suffer—given
that bottom-up activation from such objects may be weak
in the first place. In this case, the schema for the task may
over-ride bottom-up activation from individual objects and
bias patients toward using familiar rather than unfamiliar
implements in front of them. This proposal was tested
here. We predict that actions using unfamiliar implements
will be omitted, but only in the context of the task.

METHOD

We assessed the performance of five brain-injured patients
along with age-matched controls on nine everyday tasks,
each of which was made up of familiar objects along with
one unfamiliar object (e.g., a nonprototypical teapot, for
the task of making a cup of tea). In a separate session, we
evaluated the patients’ knowledge about the unfamiliar
objects when presented in isolation. The difference in famil-
iarity between the control target objects and the experimen-
tal targets was evaluated by ten age-matched controls. (See
Figure 1 for examples of pairs of teapots and cheese graters.)

Subjects

Five patients took part (mean age5 51; SD5 18, all men).
Four had damage including the frontal lobes (along with

Fig. 1. Example of target objects used among everyday task objects.
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damage to other brain regions). The fifth had suffered car-
bon monoxide poisoning and had disseminated brain lesions
including subcortical areas (see Humphreys & Forde, 1998,
for an MRI scan) and most prominently around the left
intraparietal sulcus (see Table 1 for details of the patients
and the lesions). One patient had clear symptoms of action
disorganization syndrome (ADS), making abnormal num-
bers of errors in everyday tasks (patient FK; see Hum-
phreys & Forde, 1998; Forde et al., 2004). The other patients
did not present with such marked problems in simple every-
day life tasks (see Humphreys & Forde, 1998, for data from
patient FL and DS).

Although the patients form a heterogeneous set, we treated
them as a single group, comparing their performance with
control participants and, where possible, showing statisti-
cal generalization across patients. However, we also present
the data from the individual patients, so effects of the mag-
nitude of the disorder (worse in patient FK than the others)
and lesion site (involving frontal regions in GA, PH, FK,
and DS) can be assessed.

Five age- and sex-matched controls (mean age 5 50;
SD518), without history of brain lesion, were also recruited.
A different control group of 10 participants (mean age 5
51; SD 5 22, six male) rated the familiarity of the control
and experimental target objects. All subjects gave informed
consent to participate and the project was approved by the
South Birmingham Research Ethics Committee. All the data
collected were in compliance with the regulations of the
School of Psychology, University of Birmingham Research
Ethics Committee, and the data are in accordance with the
guidelines of the Helsinki Declaration.

Procedure

Evaluation of object familiarity.

Target objects (both control and experimental) were pre-
sented one at a time on a table in front of each rater. The

raters were asked to judge the familiarity of the target objects
using a 5-point scale (1-very unfamiliar to 5-very familiar).
The order of presentation for the two types of objects (famil-
iar and unfamiliar) was mixed and randomized. A different
randomized order was used for each rater.

Object identification.

In one session (conducted after the everyday tasks), the
patients were asked to name and demonstrate the use of all
of the objects in the tasks—this included both familiar objects
and the unfamiliar (target) objects. The objects were pre-
sented the same way as the everyday actions assessment,
with all of the objects placed on a table, in random loca-
tions, in front of the patients. The patients were asked to
name and to make gesture to all of the objects in the task
array, with one object being cued at a time, presented in
random order. Gestures were made with the patients hold-
ing the objects (as they would in the everyday tasks). Ges-
tures were videotaped and scored on the basis of whether
the content of the action related to the function of the object
(ignoring errors in the orientation of the action). Correct
naming was based on generation of the exact name. In a
separate session, the same procedures were repeated with
patients using only the familiar versions of the target objects,
again cued one at a time.

Everyday actions.

The participants performed nine everyday tasks. Depend-
ing on the patient, the tasks were either given one at a time
or they were administered in a “2 3 3” procedure (see
Schwartz et al., 1998), where the nine tasks were grouped
into three sets of three tasks. For both the isolated tasks and
the 2 3 3 procedure, the objects were placed at random
positions on a table in front of the participant (for the 23 3
procedure, the objects from different tasks were randomly
intermingled). In the isolated task procedure, the partici-

Table 1. Details of the patients

Patient
Age
(yr) Etiology Site of lesion Clinical presentation

GA 53 Herpes simplex encephalitis Bilateral medial and anterior
temporal lobe, left medial
frontal cortex

Amnesia, category specific
deficit for living things;
aspects of dysexecutive
syndrome

PH 32 Stroke Left superior temporal and
inferior frontal cortex

Aphasia, deep dyslexia and
dysgraphia

FL 66 Carbon monoxide poisoning Left superior parietal lobe Amnesia, attentional dyslexia
FK 32 Carbon monoxide poisoning Bilateral temporal and

bilateral medial frontal lobes
Semantic deficits in object
recognition, dysexecutive
syndrome, action
disorganization syndrome

DS 70 Stroke Left inferior and medial
frontal gyri

Aphasia, aspects of
dysexecutive syndrome
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pant was simply asked to perform the particular task. For
the 23 3 procedure, the participants were asked to perform
each of three tasks twice, without carrying out the same
task consecutively (Schwartz et al., 1998). The 23 3 pro-
cedure was used with just two patients (PH, DS), who were
able to cope with the demands of this situation. The other
three patients (FK, GA, FL) all found it difficult to perform
even one of the tasks in the 2 3 3 context, and hence the
simpler, isolated task procedure was used. The control par-
ticipants only undertook the more difficult 23 3 procedure,
providing a conservative test of possible impairment in the
patients. For both the 2 3 3 and the isolated task proce-
dures, the participants were asked to use all of the objects
to carry out the tasks. The tasks and objects are listed in
Appendix 1.

In addition to the experimental versions of the tasks (where
one unfamiliar object was used), the patients were also given
“control” versions, where all the objects were familiar (a
familiar exemplar being substituted for the unfamiliar object).
The positions of the objects were matched across the exper-
imental and control conditions. Appendix 1 lists the objects
used for each task, and the target objects which altered
across the conditions are marked by asterisks. Patients in
the 2 3 3 version were given the experimental conditions
first (with the unfamiliar implements), followed by the con-
trol conditions. For the isolated task procedure, the experi-
mental and control conditions were administered in a random
order for each patient.

Scoring

The everyday actions were videotaped and scored accord-
ing to the task steps and actions carried out by the majority
of the control participants (at least 305). These steps are
listed in Appendix 2, and they conform to the minor sub-
tasks (A2 steps) as defined by the hierarchical action cod-
ing system by Schwartz et al. (1991). The A2 steps represent
specific subgoals that are achieved by a series of A1 steps
(the smallest action units that alters an object’s location or
state). For example, the A1 steps “open butter lid,” “scoop
butter,” “spread butter” are carried out to achieve the A2
step “apply butter to bread,” which in turn contributes toward
the main task goal “make a sandwich.” We also scored the
occurrence of errors. The error categories were similar to
those used by previous investigators (see Humphreys &
Forde, 1998; Schwartz et al., 1995), and they are listed in
Appendix 3 along with examples of each error type.

RESULTS

Familiarity Rating

The effect of target object type (familiar, unfamiliar) on
familiarity ratings was examined by separate analyses based
on the means across subjects [familiar(SD) 5 4.66(0.40),
unfamiliar(SD) 5 2.22(0.65)] and across items [famil-

iar(SD)54.66(0.65), unfamiliar(SD)52.22(0.83)], respec-
tively. Paired t tests revealed significant differences in famil-
iarity ratings between the two types of target object, on
both the analysis by subjects [t(9)5 17.3; p, .001] and by
items [t(8)5 7.4; p, .001].

Object Knowledge

There were 9 target objects and 44 nontarget (other) objects
in the task arrays. In Table 2, we present the data on object
naming and gestures to individual objects across the patients
and controls. A mixed-design analysis of variance (ANOVA)
with Group (control, patient) as between-subject factor, and
Object type (unfamiliar target, familiar target, familiar non-
target) and Test (naming, gesturing) as within-subject fac-
tors was conducted. As shown in Table 2, the patients’overall
object knowledge was significantly worse than that of con-
trols [F(1,8) 5 35.88; p , .001]. We also found overall
effects of Object type [F(2,16)5 17.43; p, .001] and Test
[F(1,8) 5 14.34; p 5 .005]. There was also a significant
interaction between Object and Group [F(2,16) 5 7.98,
p 5 0.004], and Object and Test [F(2,16) 5 13.30; p ,
.001] but not between Test and Group [F(1,8)5 4.95; p5
.057]. There were no effects of Object Type or Test for
controls. In patients, significant differences between nam-
ing and gesturing occurred for unfamiliar targets [t(4) 5
25.01; p 5 .007]. For these objects, gesturing was better
than naming. However, gesturing did not differ for the famil-
iar and unfamiliar targets (Table 2).

Everyday Actions With Unfamiliar Objects

We found no effect of practice on the repeated administra-
tion of the 23 3 task. Loglinear regression was carried out
to compare the patients’ performance across trials under the
two experimental conditions. Factors of Practice (first, sec-
ond trial), Patient (DS, PH), Condition (Normal, Unusual)
were entered into the models. These effects were examined
on the following key performance measures: (1) A2 steps
completed0A2 steps not completed (see Appendix 2 for a
list of necessary A2 steps); (2) total errors0A2 steps com-
pleted; and (3) target object omission errors0A2 steps com-

Table 2. The mean percentage (SD) correct scores for naming
and gesturing to unfamiliar (target) and unfamiliar (nontarget)
objects by the patients and controls

Task Objects Patient Controls

Naming Unfamiliar target 40.00 (12.67) 88.89 (9.07)
Familiar target 62.22 ( 9.94) 100.00 (0.00)
Familiar nontarget 74.55 (10.34) 97.27 (2.49)

Gesturing Unfamiliar target 77.78 (17.57) 100.00 (0.00)
Familiar target 73.33 (24.34) 100.00 (0.00)
Familiar nontarget 95.45 ( 8.95) 100.00 (0.00)

1038 W.-L. Bickerton et al.

https://doi.org/10.1017/S1355617707071585 Published online by Cambridge University Press

https://doi.org/10.1017/S1355617707071585


pleted. There were effects of Condition 3 A2 completed0
not completed [x2(1) 5 6.44; p 5 .01]; Condition 3 total
errors0A2 completed [x2(1)5 10.71; p5 .001]; and Con-
dition3 target object omission errors0A2 [x2(1)5 12.92;
p, .001]. These effects were not qualified by interactions
with either Patient or Practice. For the controls, there was
again no effect of Practice on the number of target objects
omitted [t(4) 5 1.18; p 5 .31], on the number of other
objects omitted (t , 1.0), on total errors (t , 1.0), or the
total A2 steps completed (t, 1.0). Consequently, we only
used the initial task data to compare performance with famil-
iar and unfamiliar objects, along with the results from the
patients who undertook the simplified versions of the tasks
once.

Object omissions.

We examined if the presence of an unfamiliar implement
increased the likelihood of omission errors. A mixed-design
ANOVA was conducted with familiarity of target objects
(familiar, unfamiliar) as the within-subject factor and Group
(control, patient) as a between-subject factor. There was a
significant increase in the omission of actions with the
unfamiliar target objects relative to when a familiar object
was used [Figure 2; F(1,8) 5 24.82; p 5 .001]. The inter-
action between Familiarity and Group was borderline sig-
nificant [F(1,8) 5 5.13; p 5 .053]. There were increased
omissions with unfamiliar relative to familiar objects, and
for patients relative to controls, even though the controls
only performed the 23 3 task [t(4)5 4.85; p5 .001]. This
result held across the patients (Figure 2).

We also examined omissions for other (nontarget) objects
involved in the tasks using a mixed-design ANOVA (Famil-
iarity3Group). There was no effect of the type of target on
the omissions of other objects, for either the patients or the
controls [F(1,8)5 0.18; p5 .68; interaction F(1,8)5 0.71;
p5 .42].

General task performance.

To assess any general effects of the unusual implement on
task performance, we summed errors on the tasks omis-
sions (of target and nontarget objects), object misuse (of
target and nontarget objects), sequence errors, persever-
ations, additions and spatial errors (see Appendix 3).

A 23 2 ANOVA (Familiarity3Group) showed a signif-
icant effect of familiarity [F(1,8)5 80.67; p, .001] and a
significant Familiarity3Group interaction [F(1,8)5 6.00;
p5 .04]. With familiar objects, the total errors made by the
patients (mean 5 11; SD 5 6) did not differ from those
committed by controls when the unusual implement was
present [mean5 7; SD5 2; t(8)5 1.33; p5 .22; the mean
error rate for controls in the familiar condition was 4; SD5
2]. The total errors made by the patients increased signifi-
cantly when the unusual implement was present (mean 5
18; SD5 6). The errors by the patients were greater when
the unusual implement was present than when it was absent
[t(4) 5 12.78; p , .001], and the patients then made reli-
ably more errors than the controls [t(8)5 3.87; p5 .005].

When each error type was examined individually (Fig-
ure 3), there was a difference between patients and con-
trols for target omissions with unfamiliar targets [t(8) 5
4.45; p 5 .002]. There were no other differences. Never-
theless, when target object errors (omissions and misuse)
were excluded, there remained a significant condition effect
(unfamiliar or familiar implement present) for the patients
[t(4)5 3.3; p5 .03], but not for the controls [t(4)5 1.41;
p 5 .23]. These last results indicate that the presence of
the unusual implement extended beyond the implement
itself to influence wider aspects of task execution in the
patients.

Goal achievements.

The patients were also assessed on their ability to complete
A2 steps leading to the task goal. There were a total of 47
steps to be completed for the 9 tasks (Appendix 2). Despite

Fig. 2. Omissions of actions to the familiar and unfamiliar target
object.

Fig. 3. Numbers of errors made by patients and controls.
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making frequent omissions with the unfamiliar targets, the
patients nevertheless, like the controls, maintained similar
levels of steps when this implement was present [Figure 4;
for the overall effect of Familiarity, F(1,8)5 4.52, p5 .07;
for the Familiarity3Group interaction, F(1,8)5 0.14; p5
.72]. The patients performed on average 43 A2 steps with
familiar targets (SD5 3) and 41 (SD5 4) with an unfamil-
iar target [t(4) 5 21.91; p 5 .13]. The number of A2
steps completed by the patients when the unusual imple-
ment was present did not differ from that of the controls
[t(8)5 1.48; p5 .17 for the contrast between the patients
and the controls on tasks with the unfamiliar implement].
The mean number of A2 steps completed by controls in the
familiar condition was 45 (SD5 2), while the controls car-
ried out an average of 44 steps in tasks with unfamiliar
targets (SD5 2).

Effect of target object knowledge on actions.

The patients were less likely to name the unfamiliar than
the familiar targets in isolation (although their gestures did
not differ to isolated unfamiliar and familiar targets). Could
the problems with unfamiliar implements simply reflect poor
recognition? To assess this, we differentiated tasks where
patients failed to show any sign of recognizing the target
object when it was presented in isolation (e.g., when ges-
turing; N 5 10), from those tasks where patients demon-
strated knowledge (N 5 35). We found no effect of task
type on the proportion of tasks where target omissions
occurred (recognized tasks, 20035; unrecognized tasks, 8010;
Fisher exact probability5 0.27).

Because not all patients had the same list of final tasks
with unrecognized objects removed, we computed the per-
centage of object omissions over the total number of tasks
retained for each patient. The patients were still more likely
to omit the unfamiliar objects than their familiar counter-
parts, even with tasks with unrecognized objects removed
[t(4)5 4.95; p5 .008; Figure 5].

The recognized unusual objects also led to an increase
in the total errors committed relative to when familiar
objects were used [t(4) 5 6.71; p 5 .003]. When target
object errors (omission and misuse) were taken out, the
difference in total errors with unfamiliar relative to famil-
iar targets was borderline significant [t(4) 5 2.75; p 5
2.052; see Figure 6 for the profile of object errors]. There
was again no significant difference between the percent-
age of A2 steps completed when unfamiliar objects were
and were not present, using tasks with recognized objects
[t(4) 5 1.56; p 5 .194].

One possibility why the number of A2 steps did not dif-
fer across the conditions and groups is that the patients
completed the tasks by means other than using the unfamil-
iar implement. For example, the patients omitted the unusual
teapot and made tea directly in the mug. Among the 9 every-
day actions, 11 target steps were identified where use of the
target object was called for. We assessed the proportional
use of target objects, relative to the adoption of other steps
to complete the task, for the patients and controls. Figure 7
illustrates the three possible responses to the target steps
(when target objects need to be used) by patients and con-
trols. There was no significant difference across the two
groups in the distribution of the three types of responses
when familiar target was presented [x2(2)5 4.83; p5 .09].
However, in the presence of unfamiliar target objects, the
two groups behaved differently [x2(2)5 18.67; p, .001].

Patients were less likely than controls to use unfamiliar
target objects to complete steps [x2(1)5 16.94; p, .001],
and they were significantly more likely to use alternative
means to complete the task (without using the target) when
the unfamiliar rather than the familiar implement was present
[x2(1) 5 15.45; p , .001]. Consequently, there was no
difference in the rate of target step omission across the two
groups even when the unusual implement was present
[x2(1)5 0.98; p5 .32].

Fig. 4. A2 steps completed by each patient and the controls.
Fig. 5. The percentage of tasks where omissions were made to
target objects on tasks selected on the basis of the unfamiliar object
being recognized when presented in isolation.
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DISCUSSION

Task Schema

Our data indicate that brain lesioned patients were more
likely than controls to be affected when an unfamiliar imple-
ment was present in the context of a familiar task. The
patients tended not to use the unfamiliar implement, and,
although they typically completed the A2 steps for the
task, the patients tended to make more errors across the
task when the unfamiliar implement was present. This find-
ing held even when the patients could name and make
correct gestures to the unfamiliar objects in isolation. These
results held across the patients, and they occurred even
though the controls only carried out the more difficult 23
3 tasks (as did the two least impaired patients). That the

patients also tended to be better at gesturing to individ-
ual unfamiliar objects, compared with naming them, may
be because the lower visual familiarity of these items
affected name retrieval more than object comprehension
(see Humphreys et al., 1997), or because gestures could
be supported by object affordances (Humphreys & Rid-
doch, 2003). In either case, the failure to use the objects
in the task context suggests that the context had a spe-
cific effect, overriding the information otherwise avail-
able from the individual stimuli [We note that the patients
tended to be better at naming and gesturing to the nontar-
get objects than the target objects used in the tasks. How-
ever, no attempt was made to control the familiarity of the
target and nontarget objects, and many of the nontarget
objects were more familiar than even the familiar targets
(e.g., cup, spoon, milk, vs. teapot). This result is of tangen-

Fig. 6. Profile of patients’ errors in tasks where the unfamiliar implement was recognized when shown in isolation.

Fig. 7. Proportions of target steps missed, target steps completed with alternative means without using the target
object, and target steps completed with the target objects, by the patients and controls.
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tial interest here, given that the study was designed to
contrast performance with specific, familiar and unfamil-
iar target objects].

These findings suggest that, in the brain lesioned patients,
there were biases from schema for how familiar objects are
used together in a task, leading to omissions of the unfamil-
iar objects in the task. The result was not confined to the
patients with frontal lesions, and we propose that it reflects
a more general tendency when brain damage reduces the
resources present to support weak bottom-up activation from
the (unfamiliar) objects.This would follow if the patients have
reduced activation within the networks supporting task schema
and the networks supporting associations between individ-
ual objects and actions. Under these circumstances, patients
may devote their limited resource to schema-based activity
and less to weak bottom-up activity from unfamiliar imple-
ments, leading to omissions with the unfamiliar objects.
Consistent with the argument that the failures to use unfamil-
iar objects reflect a general reduction in resources, we also
found that errors tended to increase even when actions
involving the target were not considered, suggesting that
the presence of the unfamiliar implement led to increased
overall demands, perhaps on how to link the unfamiliar
objects with the task schema. With fewer resources to meet
these demands, the patients generally generated an increased
number of errors.

These data support the argument for task schema play-
ing a determining role in everyday tasks (Cooper,
2002; Cooper et al., 2005). Given that the patients were
able to demonstrate how to use many of the unusual imple-
ments when presented in isolation, we would expect the
unusual implements still to be used if the patients were
generating actions “on the fly” on the basis of the individ-
ual objects present (cf. Joe et al., 2002). It might be argued
that the unfamiliar implements would create some on-line
planning difficulties and that this was a critical factor.
Against this, though, the patients showed no hesitation
in using the isolated unfamiliar objects, and there was
no apparent impairment in planning actions under this
condition. Rather than this, we propose that top-down
activation from task schema led to differential activation
favoring familiar over unfamiliar object representations.
If the task schema led the patients to devote their limited
cognitive resources to objects usually used in the tasks,
then this may lead to the exclusion of actions with the
unfamiliar objects—a process we label as “schema com-
pletion.” It may also be that the patients were less able
than controls to generate similar levels of activation from
the unfamiliar objects, perhaps because the controls spe-
cifically attended to these stimuli based on a supervisory
attentional system (cf. Norman & Shallice, 1986), that mon-
itors any mismatch between top-down and bottom-up infor-
mation. We note that error monitoring will decrease in
patients with fewer attentional resources. The net result is
that there is a selective increase in target omission errors
on trials where the unfamiliar objects were present, for the
patients.

Additional Effects of Unfamiliar Implements

In addition to affecting actions to the target objects them-
selves, the unfamiliar items also influenced errors on other
steps in the tasks—the presence of unfamiliar implements
induced sequence errors, perseverations, and addition errors
(Figure 6). It is difficult to judge the extent to which these
extra errors were caused by general difficulties introduced
by having the unfamiliar implements present, or whether
the effects are due to the omissions of steps using the
unfamiliar objects and to attempts to by-pass their omission
(e.g., by continuing to use one of the objects present).

Effects From Impaired Task Schema

The present data are also of interest because one of the
patients reported here, FK, has been reported as having
impaired task schema. For example, FK is poor at generat-
ing and ordering the steps making up everyday tasks, a
problem that is amenable to remediation by training him
with new verbal schema for tasks (Bickerton et al., 2006).
Nevertheless, we suggest that any residual schema can still
influence his performance, when the objects to be used are
unfamiliar. Evidence for effects of a residual schema in
FK’s case has also been reported previously by Humphreys
and Forde (1998). They gave FK verbal instructions for
action, which could contravene standard ways of using the
objects (e.g., “put the saucer on the cup”). Despite being
able to repeat the instructions, FK made many reversal errors
in which objects were used in the “standard” manner (e.g.,
putting the cup on the saucer). We interpret both these pre-
vious results and the present results as indicating that schema
have not been obliterated, so they still exert some influence
on FK’s performance. This residual activation is sufficient
to override weak input, from individual objects, that does
not match the schema knowledge that remains present.

Effects of Personal Familiarity

The present work may also relate to the effects of “personal
familiarity” with objects on object use. Patients with seman-
tic dementia may continue to name and use personally famil-
iar objects appropriately (Funnell, 2001; Graham et al., 1999;
Snowden et al., 1994), and it is possible that this general-
izes beyond the use of single objects to multiple objects in
learned (and thus task-appropriate) sequences (Funnell, 2001;
Riddoch et al., 2002). In such cases, it has been argued that
frequent use of objects can maintain their representations,
and possibly also representations for the use of objects in a
multiple-object sequence, through episodic memory, even
when semantic knowledge of the objects is degenerated. It
should be noted that none of our patients suffered from
semantic dementia, and all showed a relatively good ability
to gesture to the individual unfamiliar objects. This last
finding indicates that the failure to use the objects in the
context of the tasks does not reflect a poor ability to act to
the objects per se, but rather the effects of “schema com-
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pletion.” Hence, even if the task schema for the patients
were maintained by episodic updating (cf. Funnell, 2001),
we would still need to suppose that the patients allocated
more attentional weight to the schema than to the individ-
ual unfamiliar objects, to explain the lack of use of these
objects in the task context.

Limitations

One possible limitation of the study is that the patients who
performed the 2 3 3 versions of the tasks acted first with
the unfamiliar implements before being tested with the famil-
iar implements. This extra practice on the tasks could have
improved performance when familiar objects were used.
Against this, there were no effects of practice when the
repeated versions of the tasks with familiar and unfamiliar
implements were compared with the first administration of
the tasks. Also, the patients who undertook the 23 3 tasks
did not differ qualitatively from the patients who undertook
the individual tasks, where performance with familiar and
unfamiliar implements was tested in a random order. We
conclude that practice was not a critical factor.

CONCLUSIONS

The present results match previous single case studies where
it has been demonstrated that patients can have intact access
to semantic information for single objects and yet mis-use
the objects in the context of a task (Buxbaum et al., 1997;
Forde & Humphreys, 2000, 2002). Our data suggest that
this may be a more general phenomenon, which can be
induced in patients under conditions where there is reduced
bottom-up activation from unfamiliar objects. In the previ-
ous single cases, there may be chronically reduced activa-
tion coming from an object recognition system to a
representation of the objects in the context of the task, due
to attentional weight being devoted to the task schema
(cf. Cooper, 2002; Cooper et al., 2005). Our work shows
that this may also be manipulated experimentally, by vary-
ing object familiarity.

ACKNOWLEDGMENTS

This work was supported by grants from the MRC and the Stroke
Association, United Kingdom. We thank all the patients for their
kind participation.

REFERENCES

Bickerton, W.L., Humphreys, G.W., & Riddoch, M.J. (2006). The
use of memorised verbal scripts in the rehabilitation of action
disorganisation syndrome. Neuropsychological Rehabilitation,
16, 155–177.

Buxbaum, L., Schwartz, M.F., & Carew, T.G. (1997). The role of
semantic memory in object use. Cognitive Neuropsychology,
14, 219–254.

Cooper, R. (2002). Order and disorder in everyday action: The
roles of contention scheduling and supervising attention. Neu-
rocase, 8, 61–79.

Cooper, R., Schwartz, M.F., Yule, P.G., & Shallice, T. (2005). The
simulation of action disorganisation in complex activities of
daily living. Cognitive Neuropsychology, 22, 959–1004.

Forde, E.M.E. & Humphreys, G.W. (2000). The role of semantic
knowledge and working memory in everyday tasks. Brain and
Cognition, 44, 214–252.

Forde, E.M.E. & Humphreys, G.W. (2002). The role of semantic
knowledge in short term memory. Neurocase, 8, 13–27.

Forde, E.M.E., Humphreys, G.W., & Remoundou, M. (2004). Dis-
ordered knowledge of action order in action disorganization
syndrome. Neurocase, 10, 19–28.

Funnell, E. (2001). Evidence for scripts in semantic dementia:
Implications for theories of semantic memory. Cognitive Neuro-
psychology, 18, 323–341.

Graham, K.S., Lambon Ralph, M.A., & Hodges, J.R. (1999). A
questionable semantics: The interaction between semantic
knowledge and autobiographical experience in semantic demen-
tia. Cognitive Neuropsychology, 16, 689– 698.

Humphreys, G.W. & Forde, E.M.E. (1998). Disordered action
schema and action disorganisation syndrome. Cognitive Neuro-
psychology, 15, 771–812.

Humphreys, G.W., Forde, E.M.E., & Riddoch, M.J. (2001). The
neuropsychology of everyday actions. In B. Rapp (Ed.), The hand-
book of cognitive neuropsychology. Cambridge, MA: MIT Press.

Humphreys, G.W. & Riddoch, M.J. (2003). From vision to action,
and action to vision: A convergent route approach to vision,
action and attention. In D. Irwin & B. Ross (Eds.), The psy-
chology of learning and motivation: Visual cognition, Vol. 42
(pp. 226–264). New York: Academic Press.

Humphreys, G.W., Riddoch, M.J., & Price, C.J. (1997). Top-down
processes in object identification: Evidence from experimental
psychology, neuropsychology and functional anatomy. Philo-
sophical Transactions of the Royal Society, 352, 1275–1282.

Joe, W., Ferraro, M., & Schwartz, M.F. (2002). Sequencing and
interleaving in routine action production. Neurocase, 8, 135–150.

Norman, D.A. & Shallice, T. (1986). Attention to action: Willed
and automatic control of behaviour. In R.J. Davidson, G.E.
Schwartz, & D. Shapiro (Eds.), Consciousness and self regu-
lation. New York: Plenum Press.

Riddoch, M.J., Humphreys, G.W., Heslop, J., & Castermans, E.
(2002). Dissociations between object knowledge and everyday
action. Neurocase, 8, 100–110.

Rumiati, R.I., Zanini, S., Vorano, L., & Shallice, T. (2001). A form
of ideational apraxia as a selective deficit of contention sched-
uling. Cognitive Neuropsychology, 18, 617– 642.

Schwartz, M.F. (2006). The cognitive neuropsychology of every-
day action and planning. Cognitive Neuropsychology, 23,
202–221.

Schwartz, M.F., Montgomery, M.W., Buxbaum, L.J., Lee, S.S.,
Carew, T.G., Coslett, H.B., Ferraro, M., Fitzpatrick-DeSalme,
E., Hart, T., & Mayer, N. (1998). Naturalistic action impair-
ment in closed head injury. Neuropsychology, 12, 13–28.

Schwartz, M.F., Montgomery, M., Fizpatrick-DeSalme, E.J., Ochipa,
C., Coslett, H.B., & Mayer, N.H. (1995). Analysis of a disorder
of everyday action. Cognitive Neuropsychology, 12, 863–892.

Schwartz, M.F., Reed, E.S., Montgomery, M.W., Palmer, C., &
Mayer, N.H. (1991). The quantitative description of action dis-
organisation after brain damage: A case study. Cognitive Neuro-
psychology, 8, 381– 414.

Snowden, J.S., Griffiths, H., & Neary, D. (1994). Semantic demen-
tia: Autobiographical contribution to preservation of meaning.
Cognitive Neuropsychology, 11, 265–292.

The unfamiliar implement 1043

https://doi.org/10.1017/S1355617707071585 Published online by Cambridge University Press

https://doi.org/10.1017/S1355617707071585


APPENDIX 1: TASKS AND OBJECTS USED IN THE STUDY

Task Objects required

Set A Make a piece of toast Toaster
Margarine
Jam
Knife
Bread
Plate*

Wrap a gift Wrapping paper
Sellotape
Scissors*
Gift
Bow

Make a cup of tea Mug
Milk
Tea spoon
Kettle
Teapot*
Teabags
Sugar

Set B Open, read, and reply to a letter Letter to be opened
Letter opener*
Envelope
Pen
Stamp
Paper

Cut an article from a magazine, paste it onto
paper, and file it in a ring-binder

Magazine for cutting
Scissors
Sellotape on stand
Ring binder
Hole punch*
Paper

Make a cup of coffee Coffee granules
Cup
Sugar*
Milk
Tea spoon
Kettle

Set C Write a letter and prepare it for the post Pen*
Paper
Envelope
Stamp

Alter a drawing to resemble the sample given Eraser*
Pencil
Felt tip color pen
Picture sample
Picture drafts to be altered

Make and pack a cheese sandwich in a lunchbox Block of cheese
Cheese grater*
Margarine
Knife
Sandwich bags
Plate
Lunch box
Bread slices
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APPENDIX 2: “NORMATIVE” STEPS REQUIRED FOR THE TASK
(AS PRODUCED BY THE CONTROL PARTICIPANTS)

Task Necessary steps (A2) Note for scoring

Make a cup of tea Make the tea in the teapot (mix teabag and water)
Pour tea from the tea pot
Add milk
Add sugar
Stir with the spoon (with all ingredients)

Make a piece of toast Get bread
Toast bread in toaster
Put toast on plate
Apply margarine using the spreading knife
Apply jam using the spreading knife

Cut and sandwich toast not counted as
errors but also not scored toward A2
step completion

Wrap a gift Cut paper
Wrap paper over the gift
Secure paper on the gift*
Apply bow

*Both ends of the paper, and the middle
part over the gift, had to be secured with
sellotape

Open and reply to a letter Open and read the letter
Write a letter
Fold the letter
Put the letter into the envelope
Seal the envelope
Write an address on the envelope
Apply stamp

Putting an article from a magazine
into a file

Cut the article from the magazine
Secure the article on fresh paper
Punch a hole in the paper
Bind the paper in the file

Making a cup of coffee Add coffee to a cup
Add water to the coffee
Add sugar to the coffee
Add milk to the coffee
Stir with the spoon (with all ingredients)

Writing and preparing a letter Write a letter
Fold the letter
Put the letter into the envelope
Seal the envelope
Write an address on the envelope
Apply stamp

Copy a drawing Fill in missing parts of the drawing using the pencil
Erase extra parts with the eraser
Color in the drawing using the felt-tip pens

Make a cheese sandwich Get the bread
Prepare the cheese
Apply margarine to the bread with the knife
Add cheese to the bread
Close the sandwich
Cut the sandwich with the knife
Place the sandwich in the sandwich bag
Pack the sandwich into the box
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APPENDIX 3: DEFINITIONS OF ERRORS USED FOR SCORING

Error type and definition Example

Object omission
The object was not used in the step it was meant for, or the step
was not carried out

Omission by alternative means of achieving task goal:
Omitting using the teapot by putting the teabag directly into mug
(patients PH, FK, GA); omitting using the scissors by not cutting
the gift wrap (patients GA, FL); omitting using the letter opener
by opening letter by hand (patients FK, FL, GA); omitting using
the hole punch by pushing the paper through the binder ring
(patients DS, FK); omitting using the cheese grater by cutting
the cheese with the spreading knife (patients DS, FK, FL, GA)

Omission leading to a failure to complete the step:
Omitting using the eraser and therefore extra parts of the drawing
were not erased (patients DS, FK, FL, GA); omitting adding
sugar to coffee (patients FK, FL, GA); omitting the use of the
teabag (patients DS, FK)

Object misuse
The object was used in an inappropriate or irrelevant manner

Putting the scissors on the sealed gift in place of the bow (patient
FL); writing a letter on the envelope (patient FK); putting the
teaspoon in the milk bottle (patient PH)

Sequence
When action was performed at the wrong time and hindered
logical completion of step

Pouring the milk before taking the lid off the bottle (patients DS,
FK, FL); putting the stamp on the envelope before licking (patient
DS); closing the lid of the teapot before pouring any water in
(patient FL); putting the letter in the envelope without folding
the letter (patient GA)

Perseveration
When the action was repeated within the sequence

Pouring the milk twice with intervening steps (patients DS, FK,
FL); putting sugar in the mug twice with intervening steps
(patients FK, FL); cutting the gift wrap three times with repeated
folding over gift (patient FL)

Addition
When the action was additional to those performed by the control
subjects

Drinking coffee after making it (patient GA); putting an extra
slice of bread on the toast (patient FL); scribbling on an existing
drawing (patient DS)

Spatial
When the spatial orientation0relationship between the objects
was misjudged

Cutting the wrapping paper too small for gift (FK); putting the
stamp on the upper left corner of the envelope (patient PH);
positioning the elements of the drawing incorrectly in relation to
the sample (FL)
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