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Abstract

Two experiments (one with hedlthy adult volunteers and the other with controls and
dysexecutive patients) assessed the impact of interruptions on anove test of multitasking.
The test involved switching repestedly between four tasks (block construction, bead
threading, paper folding, aphabetical searching) over a 10 minute period. In Experiment
1, there were 4 groups of 20 hedthy participants. One group attempted multitasking with
no interruption, a second group was interrupted early in the test, athird group late in the
test and a fourth group was interrupted both early and late. Interruption involved carrying
out afifth, unexpected task for a period of one minute before returning to the four main
tasks. There was no difference in multitasking performance between the groups. In
Experiment 2 the participants were seven dysexecutive patients and 14 age-matched
controls. A repeated measures approach was employed to assess the impact of two
interruptions (early and late) for both groups. Contrary to predictions, the patients as well
as controls were resstant to the effects of interruptions, despite their clearly impaired
multitasking performance. These results suggest thet the ability to ded with interruptions
may be separable from the ability to organise and execute multiple tasks within alimited

timeframe
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1. Introduction

The term "multitasking” can be used to gpply to a Stuation where a person is engaged in
multiple discrete tasks within alimited time frame (but must switch back and forth
between them) rather than a Stuation where he or sheis attempting multiple tasks
smultaneoudy. Burgess (2000) has provided a detailed description of the features
involved in this kind of multitasking Stuation, prototypical examples of which are cooking
amed, or carrying out arange of errands in a shopping centre. Multitasking has so far
been studied in the neuropsychologica literature by contrasting the performance of brain
lesioned patients with that of matched controls, on tests designed to tap Smilar cognitive
processes to those involved in red life multitasking. Examples are the Six Elements Test
and the Multiple Errands Test (Shallice & Burgess, 1991), the Strategy Application Test
(Levine et d., 1998) and the Greenwich Test (Burgess, Vetch, de Lacy Cogtdlo, &
Shallice, 2000).

However, the type of multitasking test used in the neuropsychologica literature
has not been widdly applied with samples of hedthy adults to determine the variables that
may affect multitasking ability. Asaresult, very littleis known at an empirica or a a
cognitive theoreticd leve asto how multitasking is achieved by hedthy individuds, and
what factors might congtrain or impair successful multitasking performance. One
potentidly important variable is whether an externd interruption occurs during the test.
Interruptions were one of the features identified by Burgess (2000) as characterigtic of a
multitasking Stuation. Despite this, Sudies that have examined the multitasking deficits of
patients, have not tested the ability of patients to ded with externdly imposed

interruptions during these kinds of tests. Therefore in the experiments reported here, both



healthy adults and dysexecutive patients are interrupted during atest of multitasking in
order to determine whether this disrupts their performance.

I nterruptions have been sudied in other multitasking contexts with hedthy adults,
because in many different types of occupationd settings, for example emergency medicine
(Chisholm, Callison, Nelson, & Cordell, 2000) or aviation (Latorella, 1999), interruptions
are seen as an inevitable and integrd part of the job, but may in turn cause disruption to
on-going task performance. Whileit isimportant to identify what can cause disruption in
critica occupations, it may not necessarily reved abaanced picture of human cognitive
abilities. It could be that people are actualy quite skilled at dedling with interruptions, and
are only disrupted on asmall percentage of occasions. The effect of interruptions on
computer multitasking and other computer use has been sudied a great ded in the Human
Computer Interaction literature (see McFarlane and Latorella, 2002, for areview). The
primary goa of much of this research has been to design better user interfaces. However, a
number of studies that have focused more on human cognition have provided some ingght
into the properties of interruptions that determine whether they will be disruptive.

One long established effect of interruptions is the Zeigarnik Effect (Zeigarnik,
1938). Zeigarnik found that participants were more likely to remember tasks that had been
interrupted than those that had been completed (but see Van Bergen, 1968). Zeigarnik
argued that the strong memory for interrupted tasks was due to what Lewin (1951) had
described as a“internd tenson-gtate’ that drives people to finish uncompleted tasks.

Gillie and Broadbent (1989) reported four experiments which examined the effect
of interruptions on an on-going computer "errands’ task. The scenario presented to the
participants had alimited number of locations which had to be searched for objects from a
memorised lig. Gillie and Broadbent manipulated the duration of the interruption, the

amilarity of the interruption to the main task, the complexity of the interruption task and



the opportunity for participants to rehearse information from the main task before deding
with the interruption. They concluded that ongoing task performanceis more likely to be
disrupted if the interruption is complex, or smilar to the on-going task. Length of the
interruption and what they describe as "the opportunity to rehearse” were not considered
to be important factors. However, McFarlane and Latorella (2002) point out that
“opportunity to rehearse’” was aso not manipulated aone between any of the experiments,
and therefore no conclusions can be drawn about the impact of rehearsal opportunities
from Gillie and Broadbent' s experiments. Also, because the interruption aways occurred
at the same point in any interrupted problem, participants could have come to expect it and
prepare themselves,

A study by Edwards and Gronlund (1998) investigated how people recover from
an interruption to a primary task using an experimentd task that was very smilar to thet of
Gillie and Broadbent (1989). Like Gillie and Broadbent, they manipulated the smilarity of
the interruption task to the main task. However, the focus in Edwards and Gronlund's
experiment was on memory for the ligt of items after the interruption rather than execution
of the errands. Edwards and Gronlund' s results agree with Gillie and Broadbent’ sin that
they found that the smilar interruption had a more disruptive effect than the dissmilar
interruption.

A study by Zijlstra, Roe, Leonora and Krediet (1999) examined the effect of
interruptions on atext editing task in two experiments. They predicted that the disruptive
effect would increase as they manipulated frequency and complexity of the interruptions,
but they aso thought that the participants would develop strategies to cope with the
interruptions. Simple interruption tasks involved looking up a piece of information, while
complex interruption tasks involved doing a short piece of editing on a different

document. Therefore complex interruptions were dso similar to the main task,



confounding these 2 variables. Unlike the two studies discussed above (Edwards &
Gronlund, 1998; Gillie & Broadbent, 1989) in Zijldra et d.'s experiment neither smple
nor complex interruptions had a negative effect on performance. In fact, interruptions
actualy caused participants to peed up performance of the text editing task with no loss
of accuracy. Therefore interruptions did cause a change in peopl€'s srategies, as they
appeared to betrying to "make up for logt time'".

This speeding up of on-going task performance after interruption can aso be seen
In an experiment by Speler, Vaacich and Vassey (1999), who set out to investigate the
effects of task interruption on individua decison making. The undergraduate participants
in their two experiments had to make decisions based on problems related to indudtria
scenarios and were interrupted with “information acquisition tasks’. Speler et d. found
that smple tasks were completed more quickly when they were interrupted, with no loss
of accuracy. Complex tasks were disrupted by the interruption (both in terms of accuracy
and speed), more frequent interruptions had a greater disruptive effect, and when the
interruption task was dissmilar to the main task the decision time increased but decisions
were equally accurate.

Thislag finding (that an interruption that is dissmilar to the main complex task
dows down performance) contrasts with the findings of both Gillie and Broadbent (1989),
and Edwards and Gronlund (1998), who found that similar tasks were more disruptive.
However in Speler et d.’ s (1999) experiment, it is possible that there was less necessity
than in the previous studies for participants to hold the content of the on-going task in
memory during the interruption. Speier et d. argue that the dissmilar content is disruptive
because it demands extrainformation processing operations from the ones that have
dready been in use. Therefore there could be a grester “switch cost” involved than when

the interruption was smilar.



Eyrolle and Cdlier (2000) conducted afied study in a telecommunications office,
in which they found that interrupted tasks took longer to complete on average than nor+
interrupted tasks. Telephone operators took longer to process atask if they were
interrupted by atelephone cal, however they did not make more errors. If they were
interrupted twice, tasks took sgnificantly longer again then if there was only one
interruption. Thisis consstent with Speier et d.'s (1999) finding that performance time on
their task increased as interruption frequency increased.

Thereisardative lack of published, well controlled experimenta studies on this
topic, but from the limited data available, it appears that interruptions can have a
deleterious effect on performance of both single tasks (Eyrolle & Cdlier, 2000; Speier et
al., 1999) and on "erand” tasks that, dthough smplified, have some smilaritiesto a
multitasking Stuation (Edwards & Gronlund, 1998; Gillie & Broadbent, 1989). However,
they dso show that interruptions will not inevitably disrupt performance and can even be
beneficid in certain circumstances (Speier et d., 1999; Zijldtra et a., 1999). It seemsthat
the disruptive effect of interruptions will depend on the interaction of factors associated
with both the interruption task and the main task.

In the experiments reported here, the aim was to use a similar gpproach to studying
multitasking as in the neuropsychologicd literature. One study (Manly, Hawkins, Evans,
Woldt and Robertson, 2002) has tried combining this approach with interrupting “derts’
(brief auditory tones) that occurred at unpredictable intervals during atest of multitasking.
Manly et d. found that these derts improved the performance of 10 traumatic brain injury
patients, who were specificaly told to use them as remindersto think about whet they
were currently doing and what their overdl godswere. It isnot clear that the interrupting
derts would have had the same effect if they had not been explicitly associated with god

evauation in the task indructions. Also, these were not interruptions in the same sense of



the other research reported above, asthe dert did not require the participant to bresk away
from what they were doing and turn to a different task, and Manly et d. show theat the
patients did not spontaneoudy use the tones as asignd to switch sub-tasks in this manner.
Therefore, thereislittle previous research from which to draw predictions about how
interruptions that require an extra task to be dedlt with will affect on-going multitasking
performance.

The effect of unexpected interruptions on atest of multitasking was examined for
hedthy adultsin Experiment 1, and for dysexecutive patients (with matched controls) in
Experiment 2. One account might suggest that patients would find the interruptions more
disruptive than would the hedthy adults, as previous evidence shows that patients have
trouble switching between different tasks in amultitasking Stuation and in gpplying an
effective srategy overdl (Burgess, 2000). The interruption could overload them further by
Imposing another demand to switch tasks. However, an dternative account would be that
the cognitive processes involved in making a sdlf-initiated switch from one task to another
are quite different from those involved in dedling with an unexpected, immediate demand
from an externd source, before returning to the on-going task. In this case, we might
expect dysexecutive patients to perform more poorly than controls on multitasking, but
they need not necessarily show any particular sengtivity to the effects of interruptions.

The test used in the present experiments was based on the Greenwich Test
described by Burgess, Veitch, Cogtdllo and Shallice (2000). In this test, participants have
three sub-tasks to attempt within alimited time period, and have to apply an efficient
drategy to collect items of a specific colour in each sub-task in order to obtain ahigh
score overdl. In order to maximise the possible disruptive impact of the interruption, the
interruption task was unexpected and unrelated to the on-going Situation. To increase the

immediacy of the interruption, the interruption task was selected to reduce what Altmann



and Trafton (2002) term the “interruption lag”; that is, the delay between an dert that an
interruption is about to happen, and the interruption task itsdf. Trafton, Altmann, Brock
and Mintz (2003) have shown that participants who were given an 8 second interruption
lag could resume the primary task more quickly than those for whom there was no
interruption lag. Given that the interruption is unexpected in our experiment, sometimeis
required to explain the interruption task to participants. The task used here was sdected to
minimise this dday and involved writing down the names of pictured objects.

In Experiment 1, we might expect (e.g. Gillie & Broadbent, 1989) a disruptive
effect on performance. Based on the results of Speier et d. (1999) and Eyrolle and Cdlier
(2000), we might also expect that, two interruptions would be more disruptive than one.
However, the work by Zijlstraand colleagues (1999) might suggest that interruption will
havelittle, if any deleterious effect. A separate prediction is that, after the interruption,
participants may tend to return to the sub-task on which they were working before the
interruption. This tendency to return to an interrupted task was observed in experiments by
Ovsankina (1928) and aso by Smith, Hill, Long and Whitefidd (1997) during an
observationd study of secretarid office adminigtration. It would also be predicted by the

Zeigamnik effect, as the interrupted sub-task should be prominent in memory.

2. Experiment 1

2.1. Method
2.1.1 Participants
Participants were 80 first year psychology undergraduates at the University of

Aberdeen, who received course credit for taking part. They were alocated a random to



four groups of 20 participants, with roughly equa proportions of maes and femadesin

each group. The mean age was 19.99 years (SD = 5.88), with 39 males and 41 females.

2.1.2. Design

The four independent groups of participants worked on atest of multitasking for
10 minutes. One group was interrupted 3 minutes into the test, another was interrupted 7
minutes in, while a third was interrupted at both 3 and 7 minutes. The fourth (control)

group was not interrupted during the multitasking test.

2.1.3 Materials and Tasks

The multitasking test conssted of four sub-tasks, some of which were based on
modifications of the tasks used by Burgess et d. (2000). In that study, participants were
told that items in each sub-task that were coloured red were worth extra points. The
generd ingructions given to the participants in our sudy was asfollows “Your amin
this experiment is to score as many points as possible over 4 tasksin 10 minutes. You
must attempt at least part of dl the tasks, but the time istoo short for you to complete
them. Y ou may perform the tasks in any order and may switch between them at any time
and as often asyou like. In dl tasks, RED items are worth 10 POINTS, while items of any
other colour are only worth 1 POINT.” These ingtructions were written on a Genera
Instruction sheet, dong with a description of how to attempt each sub-task. The sub-tasks
were as follows-

Telephone task — A telephone directory and alist of 20 names taken from

throughout the resdentid section - five of the names on the list were marked out in red. A
label marked the beginning of the Residentia section of the phone book. Participants had

to look up the telephone numbers corresponding to the names on the list and write them
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down. They were ingtructed that they could do thisin any order they wanted, therefore a
strategic approach to the test involved first looking up the 5 names printed in red ink.

Brick construction task — Participants were presented with a structure built from
Lego™ bricks comprising a (8cm x 8cm x 12.5cm) square tower with a hollow centre
made with 13 layers of eight 2 x 4 bricks (or relevant number of 2 x 2 bricks) in each
layer. All of the bricks within asingle layer were of the same colour, but colour varied
across layers, and no two consecutive layers were of the same colour. The second, sixth
and deventh layer from the bottom were constructed of red bricks. A tub containing
aufficient bricks of the right colours to replicate the tower was available. Participants were
instructed to construct a tower of the same shape, athough 2 x 4 bricks could be replaced
by two, 2 x 2 bricks, and vice versa, providing that the tower construction was stable.
Participants were told that points would be awarded for every complete layer (not every
brick), therefore a strategic approach to this task was to complete ared layer before
switching to another sub-task.

Envel opes task — There were 25 sheets of A4 size (21cm x 29.6cm) paper in 3 piles
in front of the participant, one pile had 10 sheets of blue paper, another had 10 sheets of
yellow and another had 5 red. There was aso a sufficient number of letter (11.4cm x
23.4cm) envelopes. Participants were instructed to place as many sheets as possible in the
envelopes provided, one sheet per envelope, folded into thirds (like aletter). They were
told they could sdlect the paper in any order, therefore the best Strategy for thistask wasto
firgt use up the red pile of paper before moving to the lower-scoring colours. They were
ingructed not to seal the envelopes.

Beads task — An example series of beads threaded on to a piece of string
(approximately 55cm long) was provided for the participants. The series of beads

comprised 26 sections of colour, with each section made up of three beads. Thered



sections were the second, sixth, twelfth and nineteenth, starting from the left end of the
gring as viewed by the participant. Ordinary 0.2cm thick string was used, and the beads
were Gdt Toys? threading beads (0.9cm in diameter with a 0.4cm hole in each for
threading). The participant was presented with a piece of string (approximately 55cm
long) and an open box containing sufficient beads to replicate the example. A larger bead
(2cmin diameter) was tied at the end of the participant's piece of string and indicated the
correct end to start, as an identical one was used in the example. The task was to thread
the beads with the coloursin the same order as shown. Asinthe Lego? task, astrategic
gpproach to this task involved completing ared section of beads before moving on to
another sub-task. Participants were instructed only to take one bead out of the box at a
time.

Additional materials: A large slent digitd stop clock was clearly visble for
participants to keep track of time. Stopwatches were used by the experimenter to keep
track of the time for the multitasking test, and to time the interruptions. When they were
interrupted, participants were asked for one minute to write down the names of pictures of

everday objects, using the first 100 pictures from Snodgrass and Vanderwart (1980).

2.1.4 Procedure

The tasks were spread across alarge desk, about 10cm apart. The order in which
they were laid out was counterbaanced across participants. Participants were informed
that they had to attempt al the sub-tasksin 10 minutes, but that they could do themin any
order and switch back and forth between them as often as they liked. An instruction sheet
described how to attempt each task, explained the higher points value of red items, that the
am was to score as many points as possble, that they would lose dl the points

accumulated in atask if they broke arule, and that they would lose 100 pointsif they



missed out a sub-task. After reading the instruction sheet the participant was asked to
recall everything they could about the indructions. They were then asked a series of 12
cued recall questions which covered the most important points (see Table 1). If they did
not know an answer it was explained to them. Participants then began the multitasking
test, during which the stop-clock was situated about 80 degrees to the left, so that the
participant had to turn their head to view the elgpsed time. Participants who were
interrupted turned 90 degrees to the left for the picture-naming task, so that the
multitasking materids were not directly in view during the one minute interruption. When
10 minutes had egpsed on the multitasking timer (which was paused during the
interruptions), participants were again tested with both free and cued recal of the task
ingtructions. They were also asked to report any strategies they had adopted. The
experimenter recorded the tasks attempted, the number of items completed on each, and

rule breaks.

Insart Table 1 about here

2.2 Results

The main gods of Experiment 1 were to explore whether interruptions would have

anegative effect on performance, and whether two interruptions would be any more
disruptive than one. We dso explored whether an early interruption would be more likely
to be disruptive than one that came late in the test. Data from one participant were
excluded because of afailure to remember more than 25% of the task instructions during
initid freerecall.

The first measure was of multitasking efficiency, taken as the proportion of

completed items that were red, given that these items were worth ten points rather than
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one. The mean performance of each group, averaged across the four sub-tasks of the
multitasking test, can be seenin Table 2. A one-way ANOVA showed that there were no
differences between the groups in terms of multitasking efficiency averaged acrossdl 4
ub-tasks, F(3, 79) = 2.294, ns, MSE = 0.016. An examination of effect-sze reveded an

Eta squared of 0.083, suggesting a medium szed effect (Clark-Carter, 1997).

Insart Table 2 about here

The firg measure examined the efficiency with which participants seected which
items to complete (red = higher score). The second analysis examined overal performance
as measured by the proportion of the available items that were completed by the
participant, regardless of colour. This offers ameasure of speed in executing the sub-tasks,
and was examined because previous studies had found that interruptions can speed up
performance in certain circumstances (Speler et a., 1999; Zijlstra et a., 1999). For this
measure, the one-way ANOVA showed that there was a Sgnificant difference between the
groups, F (3, 76) = 3.589; p < 0.05, MSE = 0.007, with the early interruption group and
the two interruptions group tending to complete more items across al tasks than the other
two groups, as can be seen in Table 2. Post-hoc Tukey HSD tests were conducted, which
showed thet the only significant difference lay between Groups 2 and 3, (p = 0.047).
Therefore, the group that was interrupted at 3 minutes completed more items of al colours

than the group that was interrupted at 7 minutes.

Interruption Task Performance. The peformance of participants on the
interruption picture-naming task was examined for erors (either missing out a picture

label or giving an incorrect one). The error score is expressed as a percentage of the



pictures attempted during the interruption (or two interruptions for Group 4). The range in
this score was from 0% to 67% with a median vaue of 10.1%. The wide range of scores
arox from seven participants who generated a large number of erors - this was most
likely because ther firg language was not English. However, this can only have increased
the demand of the interruption for these paticipants, who were distributed across the
experimental groups. Only one participant made no errors a dl on the interruption task.
These scores show that the task was not trivid, being sufficiently demanding to cause

errors.

Analysis of Post-Interruption Behaviour: The andyss of pod-interruption
behaviour showed that on 88% of occasions, participants returned to the sub-task that they
had been working on before the interruption, rather than any other sub-task. If they had
been equdly likdy to return to any of the four tasks, only 25% of interruptions would
have resulted in participants going back to the one they were working on before. A
binomia test showed this effect to be highly significant (p < 0.001). A Chi Square test,
X3(1, N=80) = 0.457, ns, showed that there was no association between interruption group
and the likelihood of returning to the same task following an interruption. Therefore it was
not the case that participants in any paticular group were more likey to change tasks

following an interruption, than were those in the other groups.

Recall of Task Instructions: The mean free recall score for the task rules before the test
was 51.69% (SD = 10.22). The performance of participants on the cued recal questions
was high, with 81.3% of people getting 10, 11 or 12 questions right before the test. This,
aong with the low number of rule breaks (only four participants broke atest rule) suggests

that people did have an understanding of the crucia aspects of the multitasking test before
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they began. From the free (M = 62.09%, SD = 12.45%) and cued (M = 94.81%, SD =
8.53%) recal measures taken after the test, there was no tendency for one group to score
more highly than another (as determined by one-way ANOVA, freerecdl F (3,76) =
0.757, ns, MSE = 0.016, cued recall F(3,76) = 1.045, ns, MSE = 0.007). Therefore the
interruptions did not appear to affect recall of theingdructions at the end of thetest. Also it
was not the case that the increase in total proportion of items completed for the Early

Interruption group was caused by differentid recdl of the task indructions.

2.3. Discussion

There was no evidence from this experiment that interruptions had a negative
effect on the multitasking efficiency of hedthy adults. It ssemsthat participants were
generally concentrating on the red items (75 out of 80 reported that this was their
srategy), but despite performance in both the primary and the interruption task being
below celling, participants appeared to be unaffected by the presence of an unexpected
interruption. As there was amedium effect Sze for the interruption manipulation in this
experiment, a power andysis was conducted. This revealed that to have any chance of
obsarving a disruptive impact, the sample sze would have to be very substantidly
increased (dmost doubled). The finding of no (or extremely week) effects of interruptions
on multitasking has been replicated (Law, 2000), and is certainly at odds with the
generdly held view of interruptions as occurrences that necessarily thresten on-going task
performance. Indeed, there was some evidence that interruptions had a beneficia effect on
the tota proportion of items completed (regardiess of colour), a measure of a participant’s
gpeed a completing the sub-tasks. There was atendency for the early interruption and two

interruption groups to complete more items. This finding would be consistent with Speier



et a. (1999) and Zijlgtraet d. (1999), sudies which both found that interruptions
increased the speed with which participants worked on the ongoing task, without aloss of
accuracy. An additiond finding was that participants were significantly more likely to
return to the task they had been working on prior to the interruption than any other task.
Thisfinding is examined further in the Generd Discussion following the report of
Experiment 2.

Overdl the results of Experiment 1 show that hedthy adults can be insenstive to
interruption when performing a multitasking test. However, the reaction of dysexecutive
patients to being interrupted during such atest could be quite different. If they struggled to
cope with the test, an interruption could overload them further and cause a greater
deterioration in multitasking efficiency. Given the specific nature of the deficits seenin
the dysexecutive syndrome however, it could be that patients retain the ability (that
hedthy adults show in Experiment 1) to ded with a short interruption to the multitasking
test with no effect on performance. In addition, athough previous studies have shown that
multitasking tests on which our procedure was based show impoverished performance in
frontal patients (e.g. Levine et d., 1998; Shallice and Burgess, 1991), the precise form of
the test that we used has not been used with patients. It would therefore be important to
establish that our multitasking test shows Smilar impaired levels of performance with
patients as has been shown previoudy. Thiswould give us grester confidence that the lack
of an effect of interruptions that we observed did not arise from alack of sengtivity of our

multitasking test.

3. Experiment 2



18

Severd neuropsychologica studies of multitasking have suggested that some
patients with brain damage, especidly to the prefrontal cortex, may have specific
difficulties in goplying an efficient srategy to a multitasking Stuation (Bisacchi,
Sgaramdlla, & Farinello, 1998; Burgess, Alderman, Evans, Emdie, & Wilson, 1998;
Burgess et d., 2000; Crépeau, Bdleville, & Duchesne, 1996; Goldstein, Bernard,
Fenwick, Burgess, & McNeil, 1993; Shallice & Burgess, 1991). Such patients can be
surprisingly unimpaired in terms of memory, language, perception and 1Q as measured by
gandard tests, and yet have marked difficultiesin their everyday lives (Edinger &
Damasio, 1985; Goldgtein, Bernard, Fenwick, Burgess, & McNell, 1993; Shdlice &
Burgess, 1991). This pattern of deficits has been called “ Strategy application disorder”
(Burgess, 2000).

Thereis evidence of a single dissociation between performance on the Six
Elements Test (awiddy used multitasking test, eg. Burgesset d., 1998; Crépeau et dl.,
1996; Shdlice and Burgess, 1991) and both the Verba Fluency Test and the Wisconsin
Card Sorting Test (Burgess, 2000; Levine et ., 1998). Petients can have unimpaired
performance on the traditiona executive measures and yet an inability to multitask
effectively. Thereisvery little evidence that patients can show the opposite pattern of
impairment. Worthington (1999) did report a patient (W) with normal performance on the
Six Elements Task but clearly impaired executive performance. However, this patient may
dill have had trouble with more demanding multitasking Stuations as she did perform
poorly on the Multiple Errands Test. In the present experiment, patients were selected for
the study on the basis that they had a known executive impairment, rather than on the
bass of leson locdlity. Therefore aclear impairment on the multitasking test was
expected, asthereis very little evidence that multitasking ability can remain intact in the

face of executive dysfunction.
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Given that pure dysexecutive patients are relatively rare, it was not practicable to
use the between-subject design that was adopted for Experiment 1. Therefore, the
multitasking test was modified for Experiment 2, and apardld form of the test was
crested S0 that interruption condition could be manipulated within-subjects. All
participants (patients and matched controls) attempted the task twice, the first time
uninterrupted and the second with 2 interruptions occurring at 3 and 7 minutes (as for
Group 4, Experiment 1). The order of presentation was not counterbal anced because of the
limited number of patients involved. However, any disruptive effect of interruptions was
set againg any beneficid effect of practice, therefore the likelihood of making a Type 1
error was reduced. It was predicted that the patients would perform more poorly than
controls in the uninterrupted condition, and then the interruptions would cause their
performance to deteriorate further. No effect of interruption on the performance of
controls was expected.

Another change to the test was introduced, by adding a prospective memory
component. Participants were required to say “changing” (in Itaian, “cambio”) out loud
when they were about to switch between 2 of the sub-tasks. It was predicted that patients
would forget to do this more often than the controls. With regard to post-interruption
behaviour, there were two possible predictions - that the patients would be less likely than
controlsto return to the same task, or that there would be no difference between patients
and controls on this measure. If this behaviour is caused by atension crested by
unfinished tasks (Lewin, 1951; Zeigarnik, 1938), and is ardatively universa and
automeatic cognitive process, the first outcome would be more likdly. If it were addiberate
Srategy to reduce the disruptive effect of the interruption, then it might be more likely that
patients would not apply this strategy, and pick up atask a random after the interruption.

For dl participants, the sub-tasks were placed back into their initid position during the
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interruption, so that any externa cues to remind the participant of what they had been

doing prior to the interruption would be much less sdient.

3.1. Method
3.1.1. Participants

The experiment took place at the Department of Rehabilitation, Hospital and
Universty of Ferrara, in Italy. Participants in the experiment were 7 dysexecutive patients
and 14 matched controls. The patients (five mae and two femade) had suffered elther
Traumatic Brain Injury or Cerebral Vascular Accident and were aged between 22 and 56
years (M = 35.71, SD = 13.52). The inclusion criterion for the patients was that they had
shown evidence of an executive impairment, by poor performance on either the Wisconsin
Card Sorting Test (score of 1 or O ; Laiacona, Inzaghi, De Tanti, & Capitani, 2000), or on
the Six Elements Teg, (at least one standard deviation below the normative mean of 100,
i.e. 84 and below; Spitoni, Antonucci, Orsini, Dolimpio, & Cantagalo, 2002). The scores
for each patient are given in Table 3. All patients had been given a battery of 14
perception, attention, language and memory tests by the hospita, which ensured that their
executive impairment was relatively pure in nature (they had shown impairment on no
more than 2 of these tasks). All patients lesions were assessed by CT scan - lesion Stes
are shown in Table 3 dong with the characteritics of each patient.

Fourteen controls (ten male and four female), with two matched to each patient by
seX, age and years of education, were sdlected from among hospital staff and
acquaintances of the experimenters. None of them had any reported brain damage. The
mean age of the control group was 35.93 years (SD = 12.52). The mean education level of

the patients was 10.14 years (SD = 2.67), while for controls the mean was 12.29 years (SD
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= 1.82). The difference between the patients and controls in years of education did not

reach sgnificance.

Insart Table 3 about here

3.1.2. Design
The experiment had a mixed design, with a between subjects factor of participant
group (patient or control) and a within-subjects factor of interruption condition (no

interruption or two interruptions).

3.1.3. Materials and Tasks
All materids for the multitasking test were laid out on the table before the participant

came into the room. The layout of the tasks was counterbalanced so that the position of the
tasks on the table would not cause a systematic bias, affecting the task that participants
chose to do first. There were two paralel forms of the test - verson 1 and verson 2. Half
the participants were given version 1 in the firgt condition and haf were given verson 2in
the first condition. The rules governing the tasks were the same as in Experiment 1, but
some extra materials were needed in order to form two versons-

Telephone task — A telephone directory for the local area of Ferrarawas provided,
dong with a separate sheet with alist of 20 names taken from the book. The 2%, 6™, 91
15", and 20" names were printed in red ink. Different names were used in versions 1 and
2 of the task.

Brick construction task — In version 1 of the test, the Structure to be copied was a
square tower (8cm x 8cm x 11.5cm) with ahollow centre, made with 12 layers of eight

2x4 bricks). The 2", 51 and 10™ layers were made with red bricks. A tub with sufficient



bricks of the right colours to replicate the tower was provided. In version 2 of the test, the
tower was a rectangle shape, made with the same number of bricks and with the red layers
in the same place.

Envelopes task — There was a pile of 25 sheets of coloured paper onthe table aong
with envelopes. Red sheets of paper were inserted into the pile at positions 2, 6, 12, 16 &
25. Participants were permitted to put the paper into envelopesin any order (so the
efficient strategy wasto pull out the red sheetsfirst). In version 1 of the test (which was
the same as Experiment 1), the paper had to be folded into thirds (like a letter). In verson
2 it had to be folded into quarters and put into envelopes of a suitable size (16.4cm x
11.4cm). Each therefore required the paper to be folded along two creases, which were
made before the first participant attempted the test.

Beads task —In version 1 of the test, the string was made up in 20 coloured
sections, with 3 beads in each section. The 2, 6™, 12" and 20" sections were made with
red beads. In version 2, there were 30 sections of 2 beads of the same colour - the 2", 4",
10", 12", 20™ and 30™" sections were red.

The additional materias required were the same as for Experiment 1. The
interruption task was aso the same except that participants worked on it for two minutes

at atime rather than one.

3.1.4 Procedure

There were two experimenters in the room while each participant was tested. The
firgt experimenter communicated with the participant in Italian while the second dedlt with
Setting up the test materids and observing the participant’ s behaviour in terms of the
number and timing of task attempts, and rule breaks. Other than this the procedure for

conducting each condition of the experiment was kept as close to Experiment 1 as



possible. One of the differences (due to the repeated measures design) was that all
participants worked through the test without interruption the first time they attempted it,
and were interrupted during the second attempt.

Between the two conditions, the participant’s memory for the task indructions was
tested with the free and cued recall procedure used in Experiment 1 and aso before the
firgt condition in Experiment 2. After this the first experimenter asked the participant to
move away from the table and turn his or her back while the second experimenter laid out
the pardld form of the task. The first experimenter told the participants that she would
like them to do the test again with the dightly different materids, while following the
same rules. One change to the procedure of Experiment 1 (for the interrupted condition)
was that during the interruption, the second experimenter put the task materias back to the
positions they had been in when the test began. This ensured that there was no spatial cue
to tell the participant what they were working on prior to the interruption - they had to rely
on their memory. At the end of the te<t, the participant’s memory for the instructions was

tested again using the free and cued recal procedure.

3.2. Results

Number of tasks attempted: In the first condition, only one of the patients
attempted dl four sub-tasks. In contrast, only one of the controls did not attempt al four
ub-tasks. One patient worked on one task continuoudy for ten minutes. Three of the
patients attempted two sub-tasks while the remaining two attempted three. A two-talled
Pearson Chi- Square test showed that there was a highly significant association between
participant type and the number of tasks attempted, X?(3, N=21) = 13.821, p < 0.01. When

doing the test for the second time, patients still tended to perseverate, often focusing on 1
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task until it was finished. Again only one patient attempted four tasks, and this was not the
same patient that had attempted &l four in the 1% condition. Three of the patients

atempted three sub-tasks and three attempted two. None of the control participants missed
out asub-task, and again there was a highly significant association between participant

type and the number of task attempts, X?(2, N=21) = 16.8, p < 0.001.

Multitasking Efficiency: The main dependent measure of performance on the multitasking
test was the average proportion of completed items that were red, across dl four sub-tasks.
In the Uninterrupted condition, the mean proportion score for control participants on this
measure was 47.47% (SD = 17.95%), which is comparable with Experiment 1. The mean
for patients was much lower at 10.92% (SD = 6.11%). In the Interrupted condition
performance was much the same, with patients completing an average of 13.9% red (SD =
8.97%) and controls completing 48.1% (SD = 13.63%) on average.

A mixed andysis of variance showed a highly significant between- subjects effect,
with patients performing more poorly than controls, F (1,19) = 33.321, p < 0.001, MSE =
0.035. However, there was no main effect of the within-subjects factor of interruption
condition, F (1,19) = 0.851, ns, MSE = 0.003, and no interaction, F (1,19) = 0.383, ns,
MSE = 0.003. Therefore the performance of the patients was much worse than that of
controls in both conditions, but the interruptions had no effect on the performance of
ether group. The partid Eta squared vaue for the between-subjects factor of Group
(patient or control) was 0.637, suggesting a very powerful effect. For the within-subjects
factor of condition, the partia Eta squared was 0.042, which according to Clark- Carter

(1997) suggests aamdl effect.



Insart Figure 1 about here

The tota proportion of items completed was also examined for the patients and
controls. In the Uninterrupted condition, the patients completed 30.14% (SD = 14.57%)
and the controls completed 36.71% (SD = 8.26%). In the Interrupted condition, the
patients completed 40.71% (SD = 7.78%) and the controls completed 43.07% (SD =
8.23%). A mixed ANOVA reveded that there was a sgnificant main effect of condition, F
(1,19) = 12.892, p < 0.01, MSE = 0.005, but no effect of participant type, F (1,19) = 1.461,
ns, MSE = 0.013, and no interaction, F (1,19) = 0.799, ns, MSE = 0.005. Therefore both

patients and controls completed more items of al colours the second time they did the test.

Interruption task performance: Asin Experiment 1, performance on the
interruption task was measured in terms of the percentage of pictures attempted on which
an error was made. All of the participants in Experiment 2 were native Italian speskers.
Thereis an extreme outlier in data; one of the patients appears to have misunderstood the
indructions for the task and written down the object namesin any order rather than
garting at the top of the sheet of pictures and working systematicdly. His data were
therefore removed, leaving a data set ranging from 5.5% to 14.3% for the controls and
11.4% to 26.2% for the patients. The median for the controls was 9.1%, while the median
for the patients was 14.8%. Asin Experiment 1, participants made errorsin their
performance of the interruption task suggesting that it did place a demand on their

cognitive resources.
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Post-interruption behaviour: The number of occasons on which participants
returned to the sub-task they had been working on (after the interruption) was lower than
in Experiment 1 at 71.43% overdl (64.28% for the patients and 75% exactly for the
controls). A binomia test (chance = 25%) showed that people returned to the same task
sgnificantly more often than any other task (p<0.001). However, a Chi-Square test
showed that there was no association between the type of participant and the likelihood of
returning to the suspended sub-task following the interruption, X?(1, N=42) = 0.525, ns.
Therefore, the patients were not significantly more likely to return to a different sub-task
after the interruption than were the controls, even though the percentage of occasions on

which they did so was higher.

Rule breaks: Rule breaksin the multitasking test comprised, for example, taking
more than one bead out of the box at atime or sedling up the envelopes. These were much
more frequent in Experiment 2 than in Experiment 1. The mean number of rule breaks
committed by the patients did not change across conditions, at 2.43 (standard deviations
were 0.976 in the first condition and 0.535 in the second). The controls made dightly
fewer rule bresks in the second condition — the mean was 0.42 (SD = 0.646), down from
0.71 (SD =0.726) in the first condition. Mann Whitney tests showed that there were
sgnificant differences between the patients and controls in the first condition, U =8,z =-
3.176; p < 0.001, and in the second condition, U = 2, z=-3.696; p < 0.001. Therefore, the

patients were much more likely to break the rules of the multitasking test.

Recall of task instructions: Free and cued recal of the task ingtructions was tested
at three time points - before the first condition, between the two conditions and after the

second condition. Looking at these data for patients and controls separately (see Table 4),



it is clear that the controls achieved much higher scores. T-tests (homogeneity of variance

not assumed) showed that the difference between patients and controls on free recal was
ggnificant a Time 1, t (19) =-3.859, p < 0.01, Time 2, t (18.92) =-4.352, p < 0.01, and
Time 3,1 (18.89) =-4.442, p < 0.01 (al 2-talled). The patientswere dso sgnificantly

worse than the controls on the cued recdl questions a dl three time points- Time 1, t (19)

= -2.246, p < 0.05, Time 2, t (6.897) = -2.606, p < 0.01, and Time 3, t (6.66) = -3.025, p <

0.01 (all 2 tailed).

Insart Table 4 about here

It could be argued that the difference between patients and controls on the
multitasking tet is Smply due to the controls understanding and remembering the
ingructions better. Therefore an andysis of co-variance was conducted with free and cued
recall performance after each condition entered as the co-variates for that condition. With
this source of variance partialed out, there was gill a Sgnificant difference between the
patients and the controls in both the uninterrupted condition, F (1,17) = 6.267, p < 0.05,

MSE = 0.014, and the interrupted condition, F (1,17) = 7.395, p < 0.01, MSE = 0.013.

Prospective Memory: In the uninterrupted condition, three of the patients forgot to
say "cambio" whenever they switched tasks, two aways remembered, one forgot 25% of
the time and the 7" did not switch tasks at al. For the controls, five always forgot, seven
aways remembered and two remembered some of the time. In the interrupted condition,
two of the patients always forgot, two aways remembered, the other three remembering

some of the time. The controls did much better than in Condition 1 however, with nobody
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forgetting dl the time, eight remembering al the time, three people forgetting 33% of the
time and the remainder on one or two occasions.

The average rate of prospective memory fallure among patientsin the first
condition was 0.541 (but SD = 0.51) whileit was 0.399 (SD = 0.476) for the controls. In
the second condition, it was 0.433 (SD = 0.426) for the patients but had fallen to 0.113
(SD = 0.145) for the controls. Mann-Whitney tests showed that the difference was not
ggnificant for the first condition, U = 35, z = -0.628, ns, but was significant for the second
condition, U = 25, z = -1.863, p < 0.05 (both one tailed). So, controls managed to improve
their prospective memory performance the second time they did the test but patients did

not.

3.3. Discussion

The main finding of Experiment 2 was that dysexecutive patients were clearly
impaired on the multitasking test relative to matched controls. This was true even when
the variance associated with memory for the test ingtructions was partialed out. This
result isin line with several sudiesin the neuropsychologicd literature that have found
multitasking deficitsin patients (Bisacchi et al., 1998; Burgess et d., 1998; Burgess et dl.,
2000; Crépeau et d., 1996; Goldstein et a., 1993; Shdlice & Burgess, 1991). This result
confirms that the multitasking test that we adopted shows at |east the same patterns of
performance impairments with such patients as has been reported in the literature.

The main problem patients had was that they tended to perseverate, working for so
long on one or two tasks that they ran out of time before they had attempted them al. This
tendency has aso been observed in the other multitasking studies reported in the literature

— for example, Shallice and Burgess (1991) found that patients tended to spend too long
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on individud sub-tasks (see aso Cockburn, 1995). The multitasking test was designed so
that failure to switch tasks (i.e. to multitask), would be heavily pendised. In the telephone
and envel opes tasks, participants can pick out the red items directly, but they have to come
to that redisation by themselves. Thiswas smilar to the Strategy Application Test of
Levineet d. (1998), where certain high vaue items were circled. Levine et d. found that
patients with foca fronta lesons performed very poorly on thistest, seemingly failing to
redise that they should complete dl the high vaue items before going on to the others.
Thislack of indght could aso be seen in the patients on the telephone and envelopes
tasks. The Lego? and beads tasks had to be completed in a certain order, but more of the
red items were clustered at the beginning, so that these tasks provide diminishing returns
the longer participants work on them. The revised Strategy Application Test of Levine,
Dawson, Boutet, Schwartz and Stuss (2000) was designed in asmilar way, in that the
items on each sub-task got longer asit went on but were only worth the same amount of
points al the way through. Levine et a. measured performance by the proportion of
completed items that were brief, and found that patients with moderate to severe
Traumatic Brain Injury scored lesswdl on the test than did mild TBI or control groups. In
agmilar way, patientsin the present sudy tended to end up with very low proportions of
red itemsinthe Lego? and beads tasks, because they worked on them for too long.

The other mgor finding was that even for the patients, there was no disruptive
effect of interruptions on performance. It might be argued that patient performance was o
poor in the uninterrupted condition that the interruptions could not have made it any
worse. Although the patient performance was very low in the uninterrupted condition, it
was above floor levelsfor four patients, and in the interrupted condition none of the
patients performed at floor. Of the four patients whose performance had room to

deteriorate the second time they did the test, this only happened for one of them. Two of



these patients improved and one stayed dmost exactly the same. The three patients who
had performed at floor leve in the uninterrupted condition al improved in the Interrupted
condition. Therefore there is no evidence that the interruptions were respongble for
disruption to patients multitasking performance. The performance of the control group
remained essentialy the same in the Interrupted condition - adisruptive effect of
interruptions was not expected for them based on the evidence of Experiment 1. Pogt-
interruption behaviour was largdly the same asin Experiment 1, dthough the proportion

of timesthat participants returned to the interrupted sub-task was dightly lower at 71.43%
compared to 88% (see Genera Discussion).

Overdl, patients performed more poorly in terms of multitasking efficiency, recal
of the ingtructions, prospective memory and rule breaks, but they showed the same
tendency as the controls to return to the interrupted sub-task after the interruptions. Also,
like the controls, they did not gppear to find that the interruptions interfered with on-going
task performance. While the cognitive processes involved in multitasking areimpaired in
these patients, thereis no evidence that those required for dedling with a brief interruption,

and then returning to the on-going task have been damaged.

4. General Discussion

Experiment 1 found no effect of interruptions on atest of multitasking with hedthy
adult participants, while Experiment 2 found that patients were impaired (but above floor)
on the test, but that interruptions did not make their performance worse. These results are
congstent with previous findings that people who have suffered brain damage, particularly
to the fronta lobes, can have difficulty in multitasking (Burgess, 2000). Theresults are

Incons stent with previous findings that interruptions are disruptive to performance of o+
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going complex tasks (Edwards & Gronlund, 1998; Eyrolle & Cellier, 2000; Speier et d.,
1999). However the cognitive psychology literature on interruptions has provided mixed
results, with at least one study finding no disruption to on-going task performance (Zijlstra
et d., 1999) and othersfinding that only certain manipulations produced such an effect
(Gillie & Broadbent, 1989; Speier et d., 1999). In the present experiments, one main
dependent measure was accuracy in terms of the proportion of completed items that were
red. In many of the studies that reported a disruptive effect, the disruption was seenin
measures of timing rather than accuracy (Eyrolle and Cdlier, 2000; Gillie and Broadbert,
1989; Trafton et d., 2003). Speier et d. found some effect on accuracy but timing was
more senstive to their manipulations. It is possible therefore that timing measures are
more sendtive to the impact of interruptions, and that thiswill be seen more dlearly in
tasks that take place over short time periods. However, this reinforces the view that the
effects of interruptions are quite subtle and merit further study.

It is possible that the characteristics of either the interruption task, the multitasking
test or both could be changed in ways that would make a disruptive effect more likely. For
example, it would be possible to increase the complexity of the on-going multitasking test
and investigate whether interruptions were then disruptive (e.g. Speier et a., 1999).
However, thiswould likely decimate patients performance completely even without
interruption. Sub-tasksthat are more internaly-driven could be chosen in future
experiments, which might be more vulnerable to interruption' than the simulus-driven
sub-tasks used here (and in most of the previous neuropsychologica literature on
multitasking). The interruption task itself could be made more complex (eg. Gillie and
Broadbent, 1989). However, Zijldraet d. (1999) found no effect of manipulating the

complexity of the interruption task (although their on-going task wasin no way smilar to

! Thanks are due to Bernhard Hommel for this suggestion.
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amultitasking situation). In the present experiments, the unexpected interruption task was
chosen to reduce what has been termed the interruption lag (Altmann & Trafton, 2002),
rather than for being overly complex. However, there may sill have been sufficient time
for participants to employ a strategy to maintain their performance on the interruption task
(e.g. Trafton et d., 2003). As the interruption was unexpected, this could suggest that
people are dready quite skilled in dedling with interruptions, which after al occur
frequently in everyday life.

Manly et d. (2002) demongtrated that the multitasking performance of their patient
group was improved by providing them with periodic tones, which had been explicitly
associated with are-evauation of overdl godsin theingructions for the test. These
authors suggest that the stimulus of a tone causes attention to break away from the sub-
task a hand momentarily, which provides atime-window in which the participant is more
likely to re-evduate their strategy. According to this account, we might have seen that the
interruptions in our task were actualy beneficid in breaking the atention of patients from
the sub-task they were attempting, and providing an opportunity for this re-evaluation to
occur. However, we engaged the attention of our participants with another task as quickly
as possible, and we had not instructed them to use the interruptions as an opportunity to
congder ther gods, as had Manly et d. From arehabilitation point of view, the finding
that dysexecutive patients were able to cope with interruptions with no further disruption
to performanceis encouraging. Manly et d. have shown how one type of interruption
could even be turned into an advantage. This is quite a contrast to the idea that
interruptions are inevitably an unwelcome disruption.

Aswasfirg observed very clearly in Experiment 1, thereis atendency for people
to return to the suspended sub-task after the interruption, rather than changing to anew

one. Thisisin line with what Smith, Hill, Long and Whitefidd (1997) found in ther



observationa study of secretaria office adminigration. They referred to it as
“prioritisation of suspended tasks’, and argued that it was a planning heurigtic. Also,
Burgess et d. (2000) identified planning as one of the cognitive congtructs that supports
multitasking. Therefore people may have quite ddiberately returned to the task they had
been working on in order to keep following their immediate plans, and minimise the
disruptive effect of the interruption. 1t would have been easy for participants to remember
which task they had been working on in Experiment 1, not only because the interruption
was only aminute long, but aso because the interrupted sub-task would normdly be
positioned in such away asto indicate that it was "in progress'. Participants often moved
the materids for the sub-task they were working on into the middle of the table. Therefore
if they had logt track of what they were doing, there would be a sdient cue to remind
them. Another explanation for the post-interruption behaviour isthe ideathat a“tenson”
in the cognitive system is created by unfinished tasks (Lewin, 1951; Zeigarnik, 1938).
Ovdankina (1928) demongtrated that people tend to return to tasks that are unfinished,
even when not required to do so by the experimenter.

In Experiment 2 the proportion of occasions on which the participants returned to
the suspended sub-task was lower than in Experiment 1. The reason for this could be that
the materids were returned to their sarting positions during the interruption, so there were
fewer externa cuesto remind participants what they had been doing. It was not the case
that the patients in Experiment 2 were more likely than controls to choose a task at
random to return to after the interruption. This could be seen as more consstent with the
ideaof an automatic "tension” being created by uncompleted tasks than the idea that
people have a deliberately thought out strategy to pick up where they Ieft off. Petients
were clearly having trouble gpplying efficient srategies in the multitasking test, but could

gill have felt inclined to go back to the same task because of its prominence in memory



(Zeigarnik, 1938). However, the likeihood is that both automatic inclination and
deliberate strategy use account for the high percentage of occasions on which participants
returned to the interrupted sub-task.

In conclusion, our results suggest thet the effect of interruptions on multitasking is
not necessarily as devadtating as popular wisdom might suggest, and that people may
often be quite good a coping with brief interruptions while multitasking. Even a sample of
brain-damaged patients (who showed a clear impairment in the ability to cope with the
multitasking test), were able to ded with being interrupted, working on anew task for 2
minutes and then returning to the test with no further disruption to performance. This
might suggest that, again contrary to what might be a popular assumption, the ahility to
cope with multitasking comprises arather different demand on the cognitive system than

does the requirement to cope with an externaly imposed interruption.
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Table 1: Cued recal questionsin Experiments 1 and 2

Questions for Experiment 1 and Experiment 2
(The questions were presented in Italian in Experiment 2)

1
2.
3.

©ooNOoOA

How long do you have for the whole tet?

How many of the tasks should you attempt? (but you do not have to finish them)

Do you have to attempt the tasks in any particular order? (and you can switch as often
asyou like).

What are you aming to do in thistest?

Which colour of item isworth 10 pointsin dl the tasks?

Do you have to find the telephone numbersin any particular order?

How are points awarded for the Lego? task?

Do you have to fill the envelopes with coloured paper in any particular order?

What should you not do with the envelopes?

10 How many beads can you take out of the box at one time?
11. What happens if you bresk arule on one of the tasks?
12. What happensiif you miss out a task?

Extra questionsfor Experiment 2:

What should you do every time you switch between 2 of the tasks?
DotheLego? bricksyou use have to be exactly the same sze asin the example?
How are points awarded for the beads task?




Table 22 Table of group means in Experiment 1 for the proportion of completed items that

were red, and the total proportion of items completed

Group

Proportion of Red

Mean (SD)

Total Proportion

Mean (SD)

1 - Not Interrupted

55.5% (11.0%)

32.9% (7.5%)

2 - Early Interruption

(at 3 minutes)

45.7% (13.1%)

39.0% (6.4%)

3 - LateInterruption

(at 7 minutes)

49.6% (15.3%)

32.1(9.3%)

4 - Two Interruptions

(at 3and 7 minutes)

47.2% (11.4%)

37.9% (9.2%)




Table 3: Patient Characteristics

Patient Age | Gender | Years of | Type Leson Site | WCST | Six
Education | of Global | Elements
Injury

M.C. 31 mde 13 TBI Left basd-|1 62.17
frontal

AM.D. 48 femde | 13 TBI Bilaterd 1 108.87
frontd, right
temporo-
parietal

L.T. 22 mde 8 TBI Right fronto- | 2 77.73
tempord, |eft
parietal

V.G 23 mde 8 TBI Bilaterd 4 N.A*
frontal

P.G. 56 mde 13 CVA Left frontd- | 1 77.73
parietal

E.C. 26 fende |8 TBI Left fronto- | 2 62.17
temporal

M.B. 42 mde 8 TBI Right frontd- | 4 77.73
parietal

* Not assessed because test was too difficult for the patient




4

Table 4: Free and cued recall of the task instructions - proportion scores at each time point

of Experiment 2

Free Recall Cued Recall

Timel Time?2 Time3 Timel Time?2 Time3
Pdtients 0.314 0.329 0.357 0.657 0.815 0.836
Mean (SD) | (0.118) (0.856) (0.120) (0.178) (0.148) (0.124)
Controls 0.554 0.593 0.668 0.824 0.967 0.981
Mean (SD) | (0.141) (0.192) (0.211) (0.151) (0.057) (0.041)




V)

Figure 1: Average multitasking performance for patients and controls, as measured by the

proportion of completed items that were red.
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