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The investigation of planning in neuropsychology: 
from the Tower of Hanoi and Tower of London 

paradigms to Virtual Reality

M a r ia  K o t it s a 1

The aim of this work is to review selected tests employed in the investigation of 
high-level cognitive/executive functioning of planning and problem-solving 

ΛΟώ/Μ o  abilities in patients with frontal lobe damage. Following a brief presentation of
conventional planning tests, the review will focus on two strands of research, 

namely, the Tower of Hanoi/London tasks and more modern tests, such as the Six Elements Test (Wilson 
et al., 1996), as these two types of procedures formed the basis of two novel computer-based tasks reported 
herein: the Bungalow Task and the Warehouse Six Elements Test. For this set of computerised tasks, the 
patients are presented with complex and open-ended everyday life situations (a house removal’ and a 
'factory' scenario), as opposed to simple and well-defined problems that are characteristic of traditional 
tests. Importantly, these computerised tasks appear to be successful in capturing the rich diversity of 
impairments in patients following frontal lobe neurosurgery. The review concludes with the notion that 
computer-based environments -by taking experimentation out of the laboratory and closer to real life- may 
offer the best opportunity we currently have for investigating planning abilities in a controlled, yet 
ecologically valid fashion.
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Introduction

Planning is an activity that individuals engage 
in regularly, since it is used in all facets of 
everyday life, from  do ing  ones shopp ing  to 
starting a business. The ubiquity of planning has 
im peded investigation, in that teasing apart the 
com m on com ponents o f the vast array of 
s ituations where p lann ing is required has not

been readily am enable to research. Hence, the 
precise operationalisation o f planning may have 
been problem atic due to  overlapping constructs.

From a h istorica l perspective, Luria (1966) 
viewed p lann ing as the ab ility  to organise 
behaviour in re lation to  a desired goal and was 
seen as part of problem  solving ability, for which 
he identified three phases. The firs t is strategy 
selection, a preliminary stage where the hypotheses
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are created, and the strategies are selected in 
order to produce a solution to the problem . The 
second and th ird phases refer to the application 
of the operations and the evaluation of the 
outcome, respectively; these two phases are seen 
to be executive in nature. Friedman and Scholnick 
(1997) note that planning was in itia lly seen as a 
d is tinct function and a general psychological 
process with various authors taking it to mean for 
example representation, or selection of a strategy, 
or strategy application. Subsequently, as these 
authors note, p lanning begun to  be seen as the 
orchestration of a number of /nier-dependent and 
diverse processes of a m echanism aim ed at 
reaching a desired goal. Having as a starting point 
the notion that planning is not a unitary process or 
skill, experim ental psychologists have divided 
planning into a series of processes, associating 
planning w ith problem  solving (Anzai & Simon, 
1979; Klahr, 1994; Simon, 1975; Zhang & Norman,
1994).

Several information-processing theories have 
sought to outline the set of activities that must be 
perform ed during problem  solving (e.g. Miller, 
Galanter & Pribram, 1960; Pea & Hawkins, 1987). 
Friedman and Scholnick (1997) have identified a 
number of elements that information-processing 
theories share: problem representation, goal 
defin ition, strategy antic ipation and execution 
(with a strategy m onitoring m echanism  taking 
place at the same tim e). P lanning then involves 
the selection o f a goal or a desired end state, 
where a desired state is more than a sim ple 
change in the current schem e of affairs. 
Furthermore, Scholnick and Friedman (1993) and 
Baker e t al. (1996) defined p lann ing as the 
accom plishm ent o f a desired goal th rough a 
series o f in term ediate steps, incorpora ting  the 
fo llow ing aspects o f executive function ing : (a) 
prob lem  representation, where the problem  is 
defined by com paring the current state w ith the 
desired goal state, (b) goal selection, (c) decision  
to plan, (d) strategy choice, (e) strategy execution 
and (f) monitoring o f effectiveness of prior actions 
(ibid.)·, and also ‘the use o f know ledge fo r a

purpose, the construction of an effective way to 
meet some future goa l' (Scho ln ick & Friedman, 
1993, p. 145). Essential requirem ents for an 
individual to engage in planning activity includes 
having both suffic ient w orking m em ory and 
processing capacity, attention, sequencing ability 
and self-regulation (m eaning inh ib itory  contro l) 
(Overton & Newman, 1982). In particular, working 
m em ory serves as the basis for the ab ility  to 
perceive, integrate, and represent critical features 
o f the environm ent (in particu lar in novel 
situations). By systematically varying the level of 
task com plexity and hence m anipulating the 
degree to which the various p lanning sub­
processes are required, Kotovsky et at. (1985) 
and Zhang and Norm an (1994) have 
demonstrated the facilitatory role of external aids 
in problem  solving tasks; they concluded that 
p lanning places considerab le  dem ands on 
working memory capacity. Since task complexity 
impacts the demands on working memory, it was 
deemed necessary in the present experiments to 
keep w orking m em ory dem ands to a m inim um . 
One way to  do this is by cueing the participants 
to  the requirem ents of the task (i.e . by m aking 
available to them a cue card w ith a sum m ary of 
the task instructions).

Certain researchers have sought to broaden 
the planning literature by incorporating planning 
in fam ilia r situations (e.g. Hayes-Roth & Hayes- 
Roth, 1979; Pea & Hawkins, 1987); to th is end, 
dom ains such as errand p lanning was explored 
drawing upon theories of cognition that apart from 
processing skills were taking into consideration 
the person's know ledge base as well (Chi et al., 
1982; Hammond, 1990; Scholnick, 1995). Hence, 
a new d im ension was added, in that instead of 
view ing p lann ing as merely the result of 
processing skills it was taken to  ind icate a 
person’s knowledge about a related domain, and 
m oreover, about a p rio r p lann ing  ab ility  (Nurmi, 
1991). This may partly  explain the interesting 
dissociation that seems to  exist between planning 
in unfam iliar or novel and fam ilia r situations: in 
encountering a novel prob lem  solving setting,
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people often find that in form ation and ideas 
conta ined in the long-term  m em ory store is of 
little benefit, due to  the lack of correspondence 
between the to-be-solved problem  and past 
problem s or successful attem pts. In contrast, 
when faced w ith a fam ilia r s ituation, ind ividuals 
are most likely to rely on their knowledge base to 
retrieve m aterial to produce a solution, or even 
already existing solutions. Consequently, attempting 
to solve a novel problem  w ill require the 
developm ent of a new solution; poor planning is 
expected in unfam iliar situations in cases where 
new solu tions fail to  develop, and in familiar, 
where peoples ' know ledge store may not be 
sufficiently large or maybe faulty.

The current paper aims to review a series of 
tasks used in the neuropsycholog ica l study of 
p lanning and problem  solving, starting w ith 
sim ple, classical laboratory procedures and 
fo llowed by m ore m odem  tests (naturalistic, 
laboratory-based and som e also making use of 
•computerized technology). In so doing this paper 
seeks to demonstrate that -w ith  the incorporation 
of real-life m im icking tasks in its reperto ire - the 
investigation o f com plex p lanning is possible, 
also in a more ‘ecologically ’ valid fashion through 
the use of virtual reality (VR). To this end, two VR 
procedures have been developed and are 
reported herein; but before we turn to those, it is 
worth reviewing some classical tests o f planning 
and problem  solving and in particular the Tower 
o f Hanoi or London  (ToH/ToL) paradigm . The 
reason for the emphasis placed on this paradigm 
is because it served as the main laboratory 
predecessor of the VR tasks. In the first VR task 
for example, the Bungalow, the p lanning 
com ponent, the inclusion of task constraints, as 
well as the idea o f goa l-subgoal con flic t and 
certa in m easures have all been inspired by the 
Tower o f H anoi/London paradigm . M ore recent 
influences on the VR tasks include the M ultip le  
Errands Task by Shallice and Burgess (1991) and 
the BADS battery (or the Behavioural Assessment 
of the Dysexecutive Syndrom e) (W ilson et al., 
1996), procedures designed to  possess higher

levels of ecological validity than earlier (laboratory) 
tests, and in so doing, to more readily capture the 
com plexities of real life p lanning and problem  
solving. Indeed, the VR tasks have been develo­
ped in the same spirit.

Laboratory-based planning 
neuropsychological procedures

Much of the research on planning to date has 
focused on the cognitive functions that allow plan 
formulation. From a historic perspective, the work 
of Penfield and Evans in the '30s offers a striking 
clin ica l observation p inpo in ting  im pairm ents in 
what they called ‘planned in itia tive ' as the most 
im portant sym ptom  of fronta l lobe excisions. 
These researchers described the cond ition  o f a 
young wom an a few m onths fo llow ing  a right 
frontal lobe resection. The patient, who was in fact 
Penfie ld ’s sister, was unable  to  plan and cook 
a fam ily  meal bu t desp ite  th is, was pe rfectly  
able of preparing the individual d ishes (Penfield 
& Evans, 1935). However, maybe the first 
experimental demonstrations of a planning deficit 
in patients after prefrontal excisions came from a 
study by Porteus and Kepner (1944) and found 
that patients with prefrontal lobotom ies showed a 
defective problem  solving ability. A lthough this 
find ing was later replicated (e.g. Mettler, 1952), 
it was also shown that a decrem ent in m aze­
learning ab ility  was not restricted to frontal 
dam age (Walsh, 1978). Measures of fluency are 
am ongst those tests characteristic  o f p lanning 
and executive function. In the verbal fluency test 
(Benton, 1968) the partic ipants are required to 
name as many w ords as they can th ink of 
beginning with the letter F, then A, and lastly with 
the letter S, allowing a predetermined time period 
for each letter (sixty seconds). Benton (1968) and 
Borkowski et al. (1967) found that the patients 
w ith left, and more so bilateral fronta l dam age, 
showed poor performance on the verbal fluency 
task, and th is was in line w ith results by Ramier 
and Hécaen (1970), confirm ing a left fronta l
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deficit. In the design  versions o f the FAS test, 
Jones-Gotman and Milner (1977) and Ruff and his 
co lleagues (1987) asked the ir partic ipants to 
create as many different, unnamable designs, as 
possible in a given time. Whilst, patients with left 
frontal lobe excisions have been frequently shown 
to be impaired on the verbal fluency test, impaired 
perform ance of patients w ith right fronta l or 
fronto-central damage has been reported on the 
non-verbal, i.e., the design fluency tests (e.g. 
M ilner, 1964; Jones-G otm an & M ilner, 1977; 
Benton, 1968; Perret, 1974).

Another early procedure was the W isconsin 
Card Sorting Test (WCST), a problem-solving task 
devised by Grant and Berg in 1948. In th is task 
the patient is presented w ith four d ifferent key 
cards: the first showing a red triangle, the second 
two green stars, the th ird three yellow  crosses, 
and the last one four blue circles. The patient is 
then given two stacks containing 128 cards with 
the a forem entioned colours, shapes and 
sym bols, the task being to match the cards into 
piles of the same colour, shape and symbol. The 
sorting of the cards to one of the four key cards is 
done accord ing to a rule, which is not known to 
the patient. After doing this for a while the rule is 
changed by the experimenter, and the patient has 
to stop sorting, for example by colour, and sort by 
symbol. The experimenter changes the rule after 
ten consecutive responses by the patient, w ith 
each response being followed by feedback as to 
whether th is response is correct or not (i.e. 
matches the rule or not). Patients w ith frontal lobe 
lesions appear to have problems both adapting to 
the new rules and m odify ing the ir responses 
according to the feedback given to them. Hence, 
they make significantly more perseverative errors, 
ignoring the feedback that the ir response was 
incorrect (Milner, 1964).

W ith regards to  m ore recent procedures 
Bechara and his associates (1994) designed the 
Iowa Gam bling Task, which was the first attempt 
to  investigate in the laboratory and quantify the 
dec is ion -m aking  im pairm ents in patients w ith 
frontal lesions. The test -presented in the form of

a card g a m e - was in tended to m im ic dec is ion ­
m aking in s ituations featuring uncerta in ty of 
prem ises and outcom es, in add ition  to  reward 
and punishment. Bechara and colleagues (1994) 
adm inistered the Iowa Gambling Task to patients 
w ith medial orbitofrontal dam age and to healthy 
controls. Participants were shown four decks of 
cards (A-D), and were instructed to select a card 
from one deck at a time. Only after turn ing over 
each card, are they in form ed of the  am ount of 
money they win or lose; the task 's objective is to 
m axim ise the  profit. Specifica lly, certa in decks 
not know n to  pa rtic ipan ts , decks A and B, 
conta in  h igh paying cards ($100 gain each 
card). However, accom pany ing  these large, 
immediate monetary rewards is the probability of 
large (e.g. $1250), fu ture  m onetary penalties. 
Decks C and D are characterised as low paying, 
because they g ive sm all ($50 each card) 
immediate monetary rewards. They are, however, 
more advantageous com pared to the first ones, 
as they also give small penalties, hence, leading 
to  overall profit in the long run. The task finishes 
after one hundred selections. A ccord ing  to the 
p robab ilis tic  contingencies involved in the task, 
the co rrec t responses cannot be easily 
com puted ; p a rtic ipan ts  m ust re ly on the ir 
‘ in s tin c t’ to  gu ide  behaviour, and th is  is an 
im po rtan t aspect of the  task. The norm al 
contro ls were found to develop a preference for 
the advantageous, low  reward and low  risk 
decks a fter abou t fo rty  se lec tio ns, w ith  th is  
preference being the result of experience from  
the task and also from  tak ing  in to  account the 
feedback from  the tester. In sharp contrast, the 
patients w ith dam age to the medial orbitofrontal 
reg ion  seem ed to  be unab le  to  learn that 
se lec tin g  from  decks A and B is less like ly  to 
m axim ise overall w innings, and so switch to  the 
less risky dec is ions. The resu lts suggested a 
dim inished ability to assess future consequences, 
or as the authors put it patients are oblivious to 
the future consequences o f the ir actions, and  
seem to be guided by immediate prospects only' 
(1994, p. 7).
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The Tower of Hanoi or London paradigms

The Tower of Hanoi (ToH) is a classic planning 
task that requires a strategic approach, in that 
planners must construct a strategy (a sequence of 
actions) in order to  get from the initial to the final 
goal state. The apparatus consists of a board with 
three identical pegs, where a series of rings or 
discs are arranged. These discs differ in size; the 
task requires rearranging the discs in order to 
reach a certain goal state. However, in transferring 
the rings certain rules m ust not be violated, for 
example, participants can move only one ring at a 
tim e and a ring can only be placed on a peg on 
which it will be the smallest. The means-end  
analysis heuristic (Simon, 1975; Zhang & Norman, 
1994) is particularly useful in solving the ToH, and 
sim ilar problem s: it requires the generation o f a 
num ber of subgoals aimed at rem oving any 
obstacles that prevent the final goal from  being 
reached. For example, one strategy, termed ‘h ill­
c lim b ing ’, refers to the progressive nearing of the 
final goal by attaining a number of subgoals, each 
o f which closes the distance between final goal 
and subgoals (Simon, 1975) describes additional 
strategies, that d iffer in the ir com plexity and the 
dem ands they place on working m emory). To 
achieve the goal, it is necessary to generate a 
sequence o f subgoals and follow them through in 
a recursive, not linear fashion. However, as was 
pointed out by Shallice, the level o f problem  
d ifficu lty could not be easily m anipulated In this 
task, rendering the ToH a rather ‘unsatisfactory 
test for psychometric purposes’ (Shallice, 1988, p. 
347). Consequently, Shallice and McCarthy (see 
Shallice, 1982) developed another test, the Tower 
o f London (ToL), in which d ifficu lty could be 
graded m ore easily, and planning and ‘look 
ahead' skills can be assessed in a more valid 
manner.

Due to  the prom inence o f the Tower 
parad igm  in the study o f problem  so lv ing in 
patients w ith brain damage, but more importantly 
due to  its relevance to  the development of the VR 
tasks (to be described later), what follows is an in­

depth review of experiments using the ToH/ToL. 
Also, as a guide fo r the identification o f links 
between planning and brain areas, we w ill draw 
upon two approaches: lesion studies w ith 
patients w ith frontal lobe dam age and 
neuroimaging data from healthy volunteers (even 
though this should not be mistaken for the notion 
that these tw o m ethodolog ies are in terchan­
geable, as no d irect concordance can be 
assumed to  exist w ith certa inty between neuro­
psychological and brain imaging findings).

I. Neuropsychological Studies on the ToH/ToL
Shallice (1982) tested patients with anterior 

and posterior brain lesions on the ToL: the patient 
is presented w ith three different co loured beads 
(threaded into sticks) and is required to use a 
stated minimum num ber of moves in order to 
arrange the beads so as to match a model 
arrangement. The num ber of moves required to 
solve the puzzle ranges from  two to five. The 
results showed that patients with left anterior 
lesions were more impaired than patients with right 
anterior damage and left or right posterior damage, 
with impairment being reflected in the number of 
moves needed to solve the problem s (Shallice, 
1982) -even though these find ings were not 
replicated in a later study bythe  same investigator, 
a possible reason for this relating to  sample 
characteristics (Shallice, 1988). Studies by Owen 
and his colleagues sought to follow up the original 
Shallice (1982) results (Owen e ta /., 1990). These 
researchers used the computerised adaptation of 
the ToL (see Morris e ta !., 1988), which comes in 
two formats; the first involves a simple matching- 
to-sam ple strategy, concentrating on the 
generation o f the correct m otor sequence, and 
thus necessitating only minimal cognitive planning 
(or ‘forward th ink ing ’ accord ing to  Owen, 2005). 
This version requires two moves to  solve the 
puzzle, i.e. to  produce the pre-specified 
arrangement. However, in the more com plex 
version more moves are needed; th inking and 
mental imagery operations are required, and not
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infrequently, participants need to engage in 
visually counter-intuitive moves (see later).

In the Owen (1990) study, ‘planning tim e’, the 
time between the presentation of the task and the 
first move, was found to  be unaffected in a 
sample of twenty six patients with frontal lesions, 
while the ‘subsequent thinking time’ (after they had 
started the task) was significantly prolonged 
com pared to healthy controls; the patients were 
less efficient in generating solutions, although no 
laterality effect was found (Owen e ta l., 1990). Owen 
and his colleagues also compared the frontal lobe 
patients with a group of am ygdalohippo­
cam pectom y patients as well as patients w ith 
medial tem pora l lobe dam age (Owen et al.,
1995). Again, the find ings indicated a selective 
im pairm ent in the patients w ith frontal lesions in 
term s of spending s ign ificantly  m ore tim e 
completing the ToL task, once started on the task. 
This find ing  was replicated in a study by Carlin 
et al. (2000), who also tested patients with frontal 
lobe lesions on the ToL and found that, although 
they showed sim ilar p lanning tim es to  their 
m atched contro ls, the ir so lution tim es were 
s ign ifican tly  slowed; additionally , patients also 
required an increased num ber o f moves. 
Furthermore, these researchers also administered 
the ToH task and found strong corre lations 
between the two tasks, this indicating that s im ilar 
planning abilities were being tapped (Carlin et al. 
2000). M orris 's  studies also consistently  report 
poor performance in their focal frontal patients on 
the Tower tasks (e.g. Morris e ta l., 1997a; b - s e e  
next tw o sections for these studies). Finally, 
Colvin et al. (2001) tested patients with 
circumscribed frontal lesions on the ToH and also 
on the p rocedura lly  s im ilar W ater Jug task, a 
com puterised task involving three jars with large, 
medium  and small capacity, and an initial and a 
goal state. In the initial state the large jar is full of 
water; partic ipants m ust d iscover a series of 
moves that would lead to  the large and m edium 
jar having specific amounts of water (goal state). 
No constra in ts are app lied in pouring between 
jars and, like the Tower problem s, th is task also

involved a h ill-c lim b ing  strategy and counter­
in tu itive moves. Sixteen o f the twenty-seven 
patients were also given the ToH in order to 
assess the relationship between performance on 
the two tasks. Colvin et al. (2001) found no 
significant correlations between measures of the 
tasks, but a selective impairment emerged on the 
Water Jug task, w ith patients w ith left-sided or 
bilateral lesions being more im paired than 
patients with right-sided frontal lobe damage.

II. Neuroimaging Studies on the ToH/ToL
W ith respect to  neuro im aging data 

associa ting the fronta l lobes w ith p lanning, two 
early studies using Single Photon Emission 
Com puted Tom ography, or SPECT, reported 
increased fronta l brain m etabolism  during 
performance on the ToL task (Morris et al., 1993; 
Rezai eta l., 1993). In particular, in the Morris etal. 
study the activation increased in participants that 
found the task d ifficu lt and took  longer to 
complete the task. However, the SPECT technique 
has poor spatial resolution. Thus, in a later study 
using PET Owen et al. (1996) sought to  explore 
specific frontal areas associated with tackling easy 
or difficult ToL problems. Participants were given 
a control task and the com parison of the d ifficult 
problem  to  the contro l cond ition  revealed 
activation in the mid-dorsolateral frontal region of 
the left hem isphere and part of the caudate 
nucleus; when activations observed during the 
sim ple p lanning condition  were subtracted from 
the activation observed in more difficult condition 
the increases in regional cerebral b lood flow 
referred to the caudate nucleus and the thalamus 
only. The authors also reported activity in the right 
hem isphere, a lthough, as they note, it was not 
s ign ifican t by standard c rite ria  (Owen et al.,
1996). The Owen results were more or less 
replicated in another PET study conducted by 
Baker et al. (1996). Task adm inistration differed 
from the previous study, in that it did not require 
the execution o f the solution itself, as participants 
are to perform  this action m entally, i.e., find the
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minimum number of moves required to solve the 
problem and indicate this by pressing the key that 
corresponds to this number, without carrying out 
the moves. C lear dorsolateral activations were 
observed b ila tera lly and activ ity in BA 10 in the 
right hem isphere, as well as to prem otor, 
cingulate, parietal and occipital areas. Moreover, 
it was noted that activ ity was more robust in 
partic ipants that found the task dem anding and 
took longer to com plete it (Baker et al., 1996).

Further s tudies investigated brain areas 
associa ted w ith task com plexity, identify ing a 
large network, inc lud ing  prefronta l areas, the 
anterior c ingu la te , posterior parietal areas and 
parts of the caudate nucleus (Dagher e ta l., 1999 
[PET]; Asloun e ta l., 2001; Van der Heuvel e ta l., 
2003 [fMRI]). Schall e ta l. (2003) com bined PET 
and fMRI data and also adm inistered the task 
using the Baker et al. (1996) techn ique. They 
reported task-d ifficu lty -dependen t increases in 
the cerebellum, left dorsolateral cortex, premotor 
cortex, c ingulate, precuneus and structures in 
the basal ganglia . In add ition , using fMRI and 
paradigm similar to Baker e ta l. (1996), C aza lisef 
al. (2003) tested partic ipants on problem s of 
varying so lu tion  d ifficu lty , ‘co n tro l’ , ‘easy ’ , and 
‘d ifficu lt’ , and categorised partic ipan ts  into 
superio r and standard perform ers; they found 
that superior performers showed larger activation 
in the left dorso la tera l cortex than standard 
performers, who conversely, showed a tendency 
to  have greater activa tions in the anterior 
cingulate than superior performers. The authors 
suggest that successful problem  solving invokes 
specific patterns of brain activity im plicating the 
dorsolatera l cortex and the anterior c ingu la te  
(Cazalis et al., 2003). Another PET study sought 
to  p inpo in t brain areas subserving processes 
related to  specific  com ponents of the ToL task 
(Rowe et al., 2001). In this study, partic ipants in 
the ‘p la n ’ cond itions  were required to  plan the 
best so lu tion, w hile  in the ‘co n tro l’ cond itions 
they only had to either produce a given num ber 
o f moves (w ithout having a goal state), or 
im agine executing these moves. Under both

these conditions the same pattern of activations 
was observed, involving the dorsolatera l 
convexity, the prem otor and parietal cortex, and 
also the cerebellum . C ontrasting the activ ity 
associa ted w ith the plan task to  that o f the 
contro l tasks, showed no residual pre-frontal 
activity, leading the authors to  suggest that 
dorsolatera l activ ity  can be a ttribu ted to 
generating, se lecting and /or rem em bering 
mental moves (Rowe et al., 2001).

Further confirm ing evidence on the critica l 
role particu larly  of the prefrontal cortex is 
provided by Lazeron e ta l. (2000), who in an fMRI 
study found activation in the dorso-latera l 
prefrontal cortex, in addition to non-dorsolateral 
areas, such as the cingulate, insula, cuneus and 
precuneus, and parietal regions. Prefrontal 
specific ity  has been suggested in a study that 
sought to  investigate the p lanning and 
v isuospatia l com ponents of ToL under three 
conditions, featuring ‘easy’ , ‘m oderate ’ , and 
‘d ifficu lt’ problem s (Newmann e ta l.,  2003). The 
results showed that the prefrontal cortex in both 
hemispheres were equally engaged when solving 
m oderate and d ifficu lt problem s, also that right 
prefrontal activity was correlated w ith individual 
differences in working memory and additionally, 
the left and right prefrontal cortices were found to 
have d ifferent functiona l connectiv ity. On the 
basis of these results, the authors proposed a 
differential involvement of right and left prefrontal 
areas, with the former playing a larger role in plan 
generation, and the latter in plan execution; in 
term s of parietal regions, they suggested that 
right parietal areas are more im plicated in 
attention and the left in visuospatia l processes 
(Newmann ef al., 2003).

Taken together, neuro im aging studies 
consistently report increased activation in specific 
fronta l regions w hils t solving the ToL puzzle. 
Whether the task requires participants to mentally 
solve the problem (e.g. Baker ef a/., 1996; Schall 
ef al., 2003; Newmann ef a l., 2003) or execute the 
moves (e.g. Owen et al., 1996; Dagher e f al., 
1999; Rowe eta l., 2001), the region that seems to
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be consistently associated with solving the more 
d ifficu lt problem s in particu lar is the mid- 
dorsolateral frontal cortex (BA 9/46), although by 
no means are these dorsolateral areas exclusively 
engaged. Bearing in m ind that patients with 
fronta l dam age can show marked p lanning 
deficits on this task, it could be suggested that the 
prefrontal activity observed in healthy individuals 
while performing on the ToL is related to planning 
operations taking place.

III. The Goal-Subgoal Conflict
Reference was made in the previous section 

to the need to engage in counter-intuitive moves; 
th is applies to  s ituations w hereby adopting  a 
‘clear’, gradual goal reduction approach does not 
lead to the solution. The Tower problem s appear 
to be particu larly  suitable for the study of goal- 
subgoal conflict situations, which typ ica lly  arise 
from having to carry out actions that seem to take 
one away from  the desired situation/so lu tion. 
Morris and colleagues (1997a) investigated the 
effects of a goal-subgoal con flic t on p lanning 
ability follow ing brain damage. In particular, they 
assessed two groups o f patients, one with frontal 
and another w ith temporal lobe lesions, using the 
ToH problem. In this task, a goal-subgoal conflict 
is evident when partic ipants have to  move the 
disc away from the final position. The researchers 
predicted that patients w ith fronta l lobe lesions 
would have difficulties in showing the correct, but 
counterintuitive moves, com pared to the healthy 
and also brain damaged control participants. To 
m easure accurate perform ance, the num ber of 
moves above the minimum necessary to solve the 
problem was recorded. The results demonstrated 
a significant deficit in patients with left frontal and 
right tem poral dam age in term s of inh ib iting  a 
pre-potent response; this im pairm ent applied to 
the four-m ove problem s. However, th is im pair­
ment in the left-lesioned frontal group dissipated 
(whilst it genera lised in the patients w ith right 
tem poral lesion) for the five-move version of the 
problem . M orris e f a/. (1997a) went on to

administer a visuospatial memory test to examine 
the hypothesis that m em ory defic its were 
responsible for the observed patterns of deficits. 
This was found to  be true of the tem poral lobe 
group. Regarding the left frontal lobe patients, it 
was speculated that the novelty im plicated in 
having to  solve a goal-subgoal con flic t may 
account for the im pairm ent occurring in these 
patients (ibid.). Hence, so lving a goal-subgoal 
con flic t appears to present d ifferent brain 
damaged individuals with different problems.

Another related study on goal-subgoal 
conflict is that by Goel and Grafman (1995), who 
called into question the ab ility  of ToH task to 
evaluate planning ability on the grounds that its 
requirement for inhibition of pre-potent responses 
may contaminate the outcome measure. Goel and 
Grafman argue that the difficulties experienced by 
the patients on the task are weakly, if at all, related 
to the planning or ‘look ahead’ impairments, and 
instead they propose that the deficits may be due 
to goal-subgoal conflict resolution difficulties. The 
authors concluded that ‘the point is not that 
frontal patients do not have planning deficits, but 
s im ply that, the Tower of Hanoi tasks does not 
warrant any conclusions about planning abilities’ 
(1995, p. 640). (A lthough th is is an interesting 
point that the researchers make, this may not be 
entirely true, as they did not specifically instruct 
partic ipants to  plan prior to  com m encing the 
task.) The conceptualization of the task and the 
interpretation of the results aside, (whether they 
are interpreted in terms of planning problems or 
d ifficu lties resolving goa l-subgoal conflicts) the 
fact of the m atter is that patients w ith frontal 
lesions have been consistently found to  perform 
poorly on Tower type tasks, thus supporting the 
prefrontal involvem ent in the task and helping 
establish the task ’s validity.

The need for real-life planning tasks

Concerns were voiced over two decades ago 
by Lezak (1982) regarding the nature o f the
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traditional ‘fron ta l’ tests, which invariably feature 
w ell-defined goals and provide c lear in itia tion 
prom pts, all th is resulting in extrem ely well 
s tructured situations, but which bear no 
resemblance to the world that the test-taker lives, 
functions and has problems in, and subsequently, 
the world that the test ought to represent. That is, 
i f  the test aims to  provide a reliable index o f a 
pa tien t’s fronta l d ifficu lties. Indeed, a landm ark 
study in th is regard is that of Eslinger and 
Damasio (1985) reporting the patient EVR. Apart 
from  dem onstra ting o f course the deb ilita ting 
impact of planning difficulties, this is an exemplar 
study calling for more ecological validity in testing 
procedures. This patient had undergone neuro­
surgery for the removal of a bilateral orbitofrontal 
tum our; he had a prem orbid IQ of over 130 and 
when tested on a long standard neuropsycho­
logica l battery, inc lud ing m easures typ ica lly  
sensitive to frontal lobe damage, his performance 
was above average. The fact that this patient was 
highly competent in the cognitive domain came in 
sharp contrast to  his gross im pairm ents in 
organizing daily life activities (such as going out 
to dinner, or to  the cinem a). He had also 
enorm ous d ifficu lties in m aintain ing a balanced 
personal and working life, all this culm inating in 
his job  loss and inability to  remain em ployed or 
keep his m arriage. Follow ing th is case study 
there were other sim ilar descriptions o f patients 
w ith apparent daily life organisational problem s 
but who showed normal performance on certain 
fronta l tests (Anderson e ta /.,  1991; Shallice & 
Burgess, 1991). Shallice and Burgess (1991) give 
an account of three individuals w ith frontal lobe 
dam age w ho were not able to  function well in 
everyday situations, requiring for example, 
shopping or working w ithin tim e constraints, but 
in teresting ly they perform ed norm ally on tests 
considered to be sensitive to frontal dysfunction.

Hence, a lm ost ten years later, the same 
prob lem s as pointed out by Lezak in 1982 
con tinued to  p lague both the research and 
assessm ent o f fronta l lobe functions; Shallice 
and Burgess (1991) noted that standard tests

required that task tria ls  were very short, one 
single problem  was tapped at one tim e, 
successful com pletion was well defined and also 
that task in itia tion was heavily prom pted by the 
tester - th is  la tter po in t was in agreem ent w ith 
what Burgess and A lderm an had also pointed 
out, that patients were deprived o f the 
opportun ity  to  in itia te  activ ity, m on ito r the ir 
perform ance and /o r m odify the ir behaviour 
accord ing ly  (Burgess & A lderm an, 1990). In 
add ition , evidence suggested that such tests 
may also be sensitive to  damage to areas outside 
the frontal cortex (Teuber, 1964; Anderson et al., 
1991; Reitan and W olfson, 1994), and so the 
sensitivity and specific ity of a range of standard 
‘fro n ta l’ tests (such as the ToL, the Stroop, the 
WCST) have been at tim es called in to question 
(Reitan & W olfson, 1994, 1995; Ph illips, 1997). 
The w ide ly used Tower o f H anoi/London task 
and variants increasing ly receives critic ism s 
concern ing its su itab ility  fo r assessing fronta l 
lobe syndrom es and dysfunction, the criticism s 
converg ing on the same issue, i.e. that it does 
not represent daily  life s ituations: see Shallice 
and Burgess, (1991), Burgess ef ai. (1998); more 
recently M orris et al. (2005) observed that the 
‘mental activ ity  involved is som ewhat rem oved 
from  planning in the real world ' and to this effect, 
Phillips and her colleagues (2005) also noted that 
one should  be particu la rly  cautious in m aking 
inferences concerning real-life planning skills on 
the basis o f perform ance on the ToL, precise ly 
because the realis tic  context in absent. 
Therefore, the developm ent o f eco logically valid 
tests becam e centra l in p lann ing research. 
Eco log ica l va lid ity  is a psychom etric  property 
that te lls  us how good a test is in p rov id ing 
accurate information concerning the partic ipant’s 
ab ility  to  func tion  in everyday situations 
(Pramuka & McCue, 2000).

The beg inn ing of a new era in the design of 
frontal lobe and p lanning tests is m arked by the 
developm ent o f certa in ‘fron ta l’ tests, which are 
as creative as they are p rom is ing: the M ultip le  
Errands Test (Shallice & Burgess 1991) and the
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Six E lem ents Test (the la tte r con ta ined  in the 
Behavioura l Assessm ent o f the  Dysexecutive 
Syndrom e, o r BADS, batte ry  [W ilson et al., 
1996]). A m uch-c ited  case s tudy is the 
G oldstein ef a i  (1993) study, w hich describes a 
pa tien t w ith  m arked p lann ing  d ifficu lties  
fo llo w in g  le ft fron ta l lobectom y. Not on ly 
because o f th is im portant find ing, but th is study 
is a lso no tab le  in term s o f the tes t used to  
assess the patient. These researchers 
im p lem ented  one o f the  tests tha t em erged at 
tha t pe riod , invo lv ing  tes ting  in a natura l 
environm ent, w ith the results dem onstrating the 
capacity o f such procedures to invoke everyday 
p lanning and organisational deficits; hence, the 
M ultip le Errands is d iscussed next.

‘Multiple Errands' and BADS

The M ultip le Errands Test (Shallice & 
Burgess, 1991) was designed to simulate real-life 
activities. Conducted in an unfam iliar pedestrian 
area, it involved com pleting eight tasks, whilst 
fo llow ing a num ber of pre-learned rules. In terms 
of the tasks, six o f them  made sim ple dem ands 
(for example, to  buy a brown loaf, a packet of 
th roat pastilles). The seventh task was a little 
m ore dem anding, in that it required the 
partic ipant to stay at a specific  p lace for 15 
m inutes after starting. The last task was even 
more complex, as it required participants to write 
four p ieces o f inform ation on a postcard; these 
were; (a) to  give the name of the shop in the 
street expected to sell the most expensive item,
(b) to write the price of a pound of tomatoes, (c) 
to w rite the name of the co ldest place in Britain 
the day before, and (d) to  give the rate o f the 
exchange of the French franc the day before. The 
postcard with this information was then to be sent 
to one of the experimenters. In terms of the task 
constraints, these involved: (a) spending as little 
money and taking as little  tim e as possible; (b) 
not entering a shop unless to buy something; (c) 
when leaving a shop te lling  one of the

experim enters accom panying the partic ipant 
what was bought there; and (d) not using 
anyth ing not bought on the street to  assist with 
the conduction of the experiment.

A lthough the patients perform ed well on 
standard frontal, the ToL, and in te lligence tests 
they fa iled, however, to  deve lop and fo llow  an 
e ffic ien t plan in o rde r to  carry ou t the list of 
errands. The patients m ade m ore errors and 
the ir behaviour was also qua lita tive ly  d iffe rent 
(for exam ple, w a lk ing out of a shop w ithout 
paying) com pared to  the contro ls. Shallice and 
Burgess c lassified the patients ' behaviour into: 
rule breaks, inefficient strategy, task interpretation 
errors, and task failures, with patients performing 
worse than the contro ls. The advantages of the 
M ultip le  Errands test inc lude h igh eco log ica l 
va lid ity and the tackling o f non-routine settings, 
im ita ting real, day-to-day aspects o f p lanning, 
organisation, and initiative. Although the test has 
proved successfu l in de tec ting  fronta l lobe 
im pairm ent (e.g. Shallice & Burgess, 1991; 
Goldstein ef a/., 1993; W orthington ef a/., 1999), 
the disadvantages underlying its use is mainly its 
lack o f p racticab ility , as it enta ils substantia l 
am ounts of tim e and planning on the part of the 
researcher as w ell as the presence o f two 
research assistants to conduct the experim ent 
and record the p a tien t’s m ovem ents; so its 
obvious d isadvantage of being d ifficu lt to 
standardise makes it rather unlike ly to succeed 
as a w ide ly  used paradigm , and th is has been 
the case. It has been validated, however, fo r use 
with individuals of below average intellect (Aitken 
ef a/., 1993), while recent work also explored the 
utility  of a s im p lified  version of the M ultip le 
Errands Test w ith in a hospita l se tting  w ith very 
prom ising results (see Knight ef a/.. 2002).

With regard to  the BADS battery, it consists 
of a questionnaire and six tasks, namely: (a) the 
Rule Shift Cards Test’ (a test consisting  of 21 

ord inary p laying cards and exam ining the 
patient's ability to respond correctly to a rule and 
sh ift from  one rule to  another); (b) the ‘Action 
Program Test' (a novel p rob lem -so lv ing task,
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involving a num ber of apparatuses and requiring 
the participant to remove the cork from a tall tube 
with certain restraints); (c) the ‘Key Search Test’ 
(which partic ipan ts  are presented w ith a large 
square drawn on a piece of paper, the task being 
to im agine th is is a field and draw the path they 
would take in search of some lost keys); (d) the 
‘Tem poral Judgm ent Test' (consisting o f four 
questions and assessing the patients ’ ab ility  to 
make judgm ents  about tim e); (e) the ‘The Zoo 
Map Test’ , where participants are presented with 
a m ap of a zoo, the task being to  plan a route 
around the zoo, by draw ing a line on the map, 
in order to  v is it a num ber of pre-specified 
locations. However, apart from  having to  show 
the order of each visit, participants are requested 
to  fo llow  certa in rules, nam ely to  start at the 
entrance and fin ish at the  p icn ic  area; 
additionally, rules apply relating to  using certain 
‘paths' in the zoo more than once. The test has 
been devised so as only four different routes can 
be produced w ithout breaking the rules; and (f) 
the ‘M odified Six Elem ents Test’ . This requires 
partic ipan ts  to  plan the ir w ork in order to  carry 
ou t a num ber o f tasks in a lim ited period of ten 
m inutes, w h ils t fo llow ing  a specific  rule. 
Partic ipants are to ld  to a ttem pt at least 
som eth ing from  each task. The tasks are 
organ ised in three groups, 1, 2, and 3, each of 
which is further subdivided in two parts, A and B, 
producing six tasks in total. The rule is that part 
A of one task should not be attem pted 
im m edia te ly  after part B o f the sam e task, and 
likew ise, part B should not com e after part A of 
a pa rticu la r task. The SET reflects a m ultip le  
subgoals  scenario, taxing the ab ility  to  plan, 
organise and m onitor behaviour (Burgess, 1997).

An early p ilot study, com paring patients with 
brain in jury to  contro ls (A lderman et al., 1993), 
indicated that the BADS was a better predictor of 
daily life problem s than the m odified WSCT, with 
the Modified SET and the Zoo Map Test being the 
two most sensitive subtests in the battery. Further 
validation, using a larger sample of 216 controls 
and 90 people with brain injury revealed a good

inter-rater and test-retest reliability (Wilson et al., 
1996). It appears that th is battery successfu lly 
addresses ecological validity issues and also the 
question o f patients underestim ating their 
functional d ifficu lties due to  reduced or lack of 
ins ight (e.g. Stuss, 1991; Prigatano, 1991; 
Alderman et al., 2001), though there seems to  be 
also som e evidence of the BADS not being 
sensitive. For example, a recent study by 
M cG eorge et al. (2001) em ployed the BADS 
battery to assess executive difficulties in patients 
with head injury. The authors found that the BADS 
did not detect im pairm ent in these patients, 
although they had documented daily life planning 
problems and performed significantly worse than 
contro ls on a novel p lanning task designed by 
McGeorge and colleagues.

Additional ‘ecological’ approaches 
to planning

Another early study attem pting to bridge the 
gap between laboratory assessment and real-life 
planning skills was carried out Boyd and Sautter 
(1985; 1993). They looked at executive aspects of 
route-finding, such as, task formulation, strategy, 
or error identification and correction, investigated 
in a natural environment. In particular, thirty-one 
patients with traum atic brain injury were required 
to start at a specified location and find the route, 
which would get them to a specified office on an 
unfam iliar cam pus. Two m em bers of staff were 
w ith the patient w hile perform ing the task, the 
examiner and an independent rater to enable the 
investigation of the test re liab ility  aspect o f the 
test, which was found to be very h igh (Boyd & 
Sautter, 1993). However, the num ber of tra ined 
assistants needed to carry out such a test, poses 
obstacles w ith regards to  w ider use and/or 
standardization.

M iotto and M orris (1998) tested tw enty-five 
patients w ith foca l unila tera l or b ila tera l fronta l 
lesions on a p rocedure designed to im itate the 
p lann ing and o rgan isa tion  o f na tu ra lis tic  and
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relatively sim ple and fam iliar daily activities. The 
‘V irtual P lann ing ’ test had the form  of a verbal 
board gam e; pa rtic ipan ts  were instructed  to 
carry out a num ber o f actions w ith in a week by 
se lecting  a series of cards, w hich represented 
the different actions. The cards were placed on 
a board in fron t o f the pa rtic ipan t, and a 
sum m ary card was a lso supp lied  to  reduce 
dem ands on m em ory. This task sough t to 
address the fo llow ing  aspects of p lann ing 
associa ted w ith fronta l lobe d isorder: (a) 
w hether fron ta l pa tien ts  tend to  fail to do 
activities if the purpose of the activities are made 
m ore rem ote. For th is  purpose two types of 
irre levant activ ities  were inserted (d is trac to r 
item s related to a 'tr ip ' and to the ‘w eek ’): the 
in troduction  of irre levant actions is an elem ent 
which in the main was absent from the classical 
‘fro n ta l’ tests, thus tak ing  the test one step 
c loser to  real-life  s itua tions; (b) the second 
d im ension of the test tapped in to p rospective  
m em ory ab ility  fo llow ing  fronta l lobe dam age, 
hypothesizing that patients will show im pairment 
in rem em bering to  do certa in ac tiv ities  at a 
certa in  day or tim e; (c) fina lly, the VIP test 
addressed the  question of w hether the 
com plex ity  of an activ ity affected perform ance, 
the prediction being that patients would show a 
m ore fragm ented  pattern  o f behaviour. A 
significant deficit was revealed in the patients as 
a he te rogeneous group. W ith regard to  the 
specific measures, the control group were prone 
to selecting d is tractor items related to  the ‘t r ip ’ 
as opposed to  ‘w eek ’ re lated ones, w hile  the 
patients were equally  prone to  both types of 
irre levant actions. The patients d id not d iffer 
from  the con tro ls  in the ir ab ility  to  perform  
prospective memory tasks, contrary to  previous 
findings linking prospective memory deficits with 
the prefrontal cortex. The authors attributed the 
lack of difference between patients and controls 
to the fact that the participant is strongly cued by 
the cue card as to when the activities have to be 
perform ed. In term s of the th ird  d im ension, it 
was found that the m ore com plex actions

genera ted m ore errors than the less com plex 
ones.

Channon and Crawford (1999) investigated 
social problem -solving using a story-or video- 
based task, fo r which they presented their 
participants with stories and videotapes depicting 
a range of interpersonal awkward situations -fo r 
example, in one scenario the protagonist had 
problems with his newly moved neighbours, who 
happened to own dogs barking during the night 
and making it impossible to have a proper night's 
sleep. The participants were tested on their ability 
to generate different solutions and solve the 
problem  by selecting the one that was effective 
and socia lly appropriate. The results dem on­
strated that the patients with frontal lesions were 
im paired in their ability to produce possible 
solutions compared to patients with lesions in the 
posterior area, suggesting a sensitivity of this 
procedure to frontal lobe damage. Finally, 
classical are the ecological approaches to 
planning by Goel and his associates (Goel eta/.. 
1997; Goel & Grafman, 2000): using the realistic 
scenario of household finance they assessed 
planning abilities of ten frontal lobe patients by 
requiring them to help' a young couple achieve 
a number of immediate and long-term goals, such 
as, buy a house or send their children to college 
(Goel e ta/.. 1997). The task was designed so that 
in order to achieve these goals, participants had 
to use strategies pertain ing to m anagement of 
incom e and expenses, and/or reallocation of 
assets. Patients were found to  be unable to 
discover and apply these strategies, showing 
more organisation d ifficu lties than the controls. 
Moreover, in a case study by Goel and Grafman 
(2000), a patient with frontal lobe dam age also 
exhibited more d ifficu lties than the matched 
contro l, when tested on a real life planning and 
organisation task. In particular, this patient (a 
professional architect) was assigned the task of 
re-arranging a real office area so as to meet 
certain criteria, e.g. be functional, accommodate a 
number of staff and use minimal resources, and as 
noted was significantly impaired.
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Virtual Reality: bridging the gap between 
laboratory and real world tests

It appears from this review2 that researchers 
have faced a d ilem m a as regards m easuring 
com plex abilities, such as p lanning, in that 
conventional tests though h igh in experim ental 
control, tend to lack ecological validity. A solution 
to th is was to test partic ipants in real life (e.g. 
Multiple Errands), but the main advantage o f this 
approach seems to  be in term s o f triggering the 
developm ent of new tests, presented in the form 
of board gam es (e.g. BADS), rather than 
con tribu ting  to  the system atic investigation of 
planning. Yet these new tests -thoug h  they may 
fare better com pared to  ToH /ToL- precisely 
because of the gam e like quality, may be less 
ecologically valid than their real world precursors. 
The answer to the issue of ecological validity then 
may come from the field of Virtual Reality (VR). VR 
is a rapid ly grow ing new fie ld, which plays an 
increasingly important role in psychology, both as 
an assessment and rehabilitation tool (see Kotitsa 
[subm itted ] fo r a review). Indeed, Zalla et a/. 
(2001) made use of a com puterised task to test 
seven patients w ith fronta l lobe lesions. 
Participants were required to form and execute all 
the actions needed in a fam iliar daily life situation 
(from getting  up in the m orning to  leaving the 
house), with the results indicating impairments in 
the frontal lobe patients in plan execution.

More recently, Kotitsa (2005) tested thirty-five 
neurosurg ica l patients on a set o f experim ental 
VR procedures m odeling natura lis tic  types o f 
behaviour in order to  explore the effects of 
discrete frontal lesions on executive functioning. 
These procedures (in troduced in detail below) 
w ere deve loped by M orris and his co lleagues 
(2005) using existing software -p rev ious ly  used 
by the Virtual Reality G roup at the University of 
East London, UK, to  investigate aspects of 
m em ory and tra in ing people w ith learning

difficulties or fo llow ing brain dam age (Brooks et 
al., 1999; Rose et al., 1999)- in order to  provide 
the environm ent for the presentation of the 
paradigm s. These novel procedures were 
designed so as to be in keeping w ith preserving 
the realistic context of planning (recently Phillips 
et al. [2005] also em phasized th is issue); to 
incorporate  the elem ent o f novelty in tapp ing 
executive functioning (as pointed out by theorists, 
e.g. Stuss & Benson, 1986); and to  be in 
agreem ent w ith the in form ation-processing 
approach favouring novel and open-ended 
procedures as more likely to capture frontal lobe 
deficits. More specifically:
(a) M aintenance o f the realistic context o f 

planning: the requirements of the tasks (to be 
described next) are infused a num ber of 
contingencies s im ilar to  those found in 
everyday life. For example, in order to  more 
c losely m im ic real life p lanning activity, 
partic ipants are to work toge the r w ith other 
two (im aginary) persons and generally, in 
their imagination, their planning behaviour will 
have an im pact on other people.

(b) Encom passing appropria te levels o f novelty  
and familiarity: whilst participants are required 
to tackle a novel s ituation, which will 
necessitate the generation and application of 
a non-obvious strategy plan encom passing 
the various task requirem ents, at the same 
time, however, the fam iliarity factor was also 
considered im portant to h igh light: th is is 
reflected in the general nature o f the tasks 
(the tasks involving entering and spending 
tim e in an average house or a warehouse, 
and engaging in fam ilia r activ ities: m oving 
from  room  to room  to  find certa in furn iture  
and p lac ing ob jects  on to  to  specified 
locations). A task with relative familiarity, apart 
from  being inherently eco log ica lly  valid , is 
also very likely to  be interesting; th is  in turn 
may e lic it h igher levels o f co-opera tion and

2. For a comprehensive review on the cognitive psychology of planning, see Morris and Ward (2005).
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m otivation, hence optim um  perform ance is 
more likely to be attained.

(c) Featuring open-ended multitasking scenarios: 
it is in these situations that established routine 
operations fo r successful perform ance may 
not be readily available, this dem anding the 
function of the hypothesised SAS processes 
(Norman & Shallice, 1986; Shallice & 
Burgess, 1991).

(d) Allow ing the investigation o f different facets o f 
executive function ing: executive functions 
feature a large and diverse set of abilities, and 
the tasks herein described seeking to  probe 
aspects o f executive functioning, such as rule 
fo llow ing, strategy form ation and various 
types of prospective memory [or memory for 
future actions, Einstein & McDaniel (1990)]. 
W hile the above com prise the general

princip les that conceptually  characterize these 
tasks, in term s of the procedures, the Bungalow 
Task features a virtual house, a bungalow, which 
consists of four rooms and a hallway. A number of 
items and furniture are distributed throughout the 
rooms in a semi-random fashion. The participants 
are inform ed that they are the 'removal person ’ , 
their task being to  co llect all furniture and items 
(with the exception of specific, glass items) for the 
arrival of the removal van (in practice, participants 
would touch the screen upon which furniture 
would disappear, indicating successful removal). 
The owners of the bungalow  are moving to an 
e ight-room  house and have left specific  
instructions as to how the removal is to  be carried 
out. These instructions serve to  generate a 
num ber of rules or requirem ents that must be 
followed (a cue card summarises these rules and 
is available to the participant throughout the task). 
The first rule refers to  the fact that the furniture 
must be collected according to which room in the 
new house they are going. Specifically, the 
furniture that could go to the new lounge must be 
collected first, followed by furniture for the dining 
room, then the nursery, the kitchen, the study 
room, the music room, the bedroom  and finally 
the new hallway. This first requirement gives rise

measures of rule following ability and it also allows 
the investigation of spatial strategy form ation, 
since - to  be able to select the different categories 
of furn iture in o rd e r- partic ipants must develop 
certain strategies of going around the four rooms. 
The second requirem ent asks the partic ipant to 
place ‘frag ile ’ labels on the glass items, which 
should be left behind for the owners to collect. 
This requirem ent enables the m easurem ent of 
event-based prospective m emory (forgetting to 
place the label) and behavioural inhibition (in the 
case where a glass item was erroneously 
collected). Accord ing to the th ird requirement, 
which measures activity-based prospective 
memory, participants have to close the door of the 
bedroom (so that the cat does not go there) every 
time they go out of this room and in addition they 
must close the front door every time they open it 
(again, so that the cat does not run out). 
Accord ing to the fourth requirement, looking at 
tim e-based prospective memory, since the 
doorbell is out of order, participants have to open 
the front door every five m inutes and check 
whether the removal van has arrived to load the 
furniture. A clock is provided for them to monitor 
the time, as well as the time at which they ought to 
be checking for the van: should they fail to visit the 
front door w ith in a two m inutes of the set time, 
they are reminded to do so.

The second task, termed the W arehouse Six 
E lements Task (WSET), features an industria l 
environment, consisting of one room, in which a 
num ber of objects, cy linders and boxes, are 
stored on four stacks. Prior to the task, 
partic ipants undergo a fam ilia rization phase, 
whereby they learn to  perform three main tasks: 
task 1 asks them  to place objects onto a tro lley 
that is in the room; task 2 requires them to place 
objects on a conveyor belt which takes them  to 
a d ifferent room ; and fo r task 3 they learn to 
weigh ob jects  and then put them  on the tro lley 
(these activ ities are achieved by po in ting to the 
item on the screen and then po in ting  to  the 
desired location). In line with the Six Elements 
Test (SET) by Shallice and Burgess (1991)
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described earlier, each of these three tasks is 
further divided into two parts -one  referring to the 
collection of boxes, and the other to the collection 
of cy lin d e rs - and the partic ipants should not 
attempt, for any task, one part im mediately after 
the other. A time limit o ften  minutes applies, while 
the participants cannot stop before the time is up. 
These aspects of the task allow the exploration of 
ru le-fo llow ing ab ility  in a m ulti-tasking situation. 
Im bedded in the task is also the requirem ent to 
collect the same amount of objects for each task, 
and the partic ipants ' perform ance in respect to 
th is was quantified to y ie ld a m easure o f their 
ability to allocate effort evenly across tasks.

Perhaps one particular build ing block o f the 
Bungalow  and WSET tasks, nam ely the all so 
im portant p lann ing e lem ent is, to  some extent, 
rem iniscent of the ToH/ToL paradigm , the latter 
having proved very influential, precisely because 
it h ighlighted a particular method for investigat­
ing p lanning, i.e. by incorpora ting  specific  
constraints which would make p lanning the key 
to  so lving it successfu lly. The ToH/ToL test 
con tribu ted  to  the deve lopm ent of the above 
tasks, more so of the Bungalow Task, by lending 
the notion o f a p lann ing or 'look-ahead ' 
com ponent; in the Bungalow  th is is induced by 
the predeterm ined order in which categories of 
furniture need to be selected. Additionally, in an 
analogous manner that planning com petency on 
the Tower problem s is inferred by the num ber of 
(extra) moves required to achieve the goal state 
(with the fewer moves reflecting better planning), 
in the Bungalow  too one general m easure of 
p lann ing refers to  the (total) num ber of room 
visits  required to com ple te  the task. Finally, in 
term s of the goa l-subgoal con flic t p roposed to 
account fo r the p lann ing im pairm ents on the 
Tower tasks, here too  such a con flic t may arise 
between se lecting one specific  ca tegory of 
furn iture, e.g., for the lounge (main goal) and 
selecting other, non-lounge items or furniture that 
the pa rtic ipan ts  encounter. For example, 
se lecting fo r the d in ing  room , or the kitchen 
cou ld  be said to  represent (sub)goa ls, from

which the participants should refrain whilst in the 
lounge category (refraining involves inhibiting the 
pre-potent response of co llecting  items as one 
goes along, irrespective of the room  order). 
C learer and m ore in tu itive sim ilarities exist 
between the Bungalow on the one hand, and the 
Zoo Map and Multiple Errands, on the other: the 
latter tasks, it w ill be rem em bered, require 
form ing plans and setting goals, and generating 
and app ly ing organized sequences of go ing to 
various places e ither in a board gam e form at 
(Zoo Map) or in real-tim e shopp ing  (M ultip le 
Errands). In terms o f the WSET, as its name also 
im plies, it is prim arily  founded on the M odified 
SET, described in the preceding section and 
though t to reflect the pro to typ ica l m ultitasking 
situation (e.g. Burgess, 2000).

The results from  the Bungalow  Task 
m easures showed that the com bined patient 
g roup (includ ing patients w ith right, left and 
bilateral frontal excisions) was significantly more 
im paired than contro ls: the patients showed 
sign ifican tly  more violations  of the firs t task 
requirem ent (selecting categories of furniture in 
turn, starting w ith the lounge furn iture  and 
finishing with the hallway); in addition, whilst they 
showed the same task com pletion tim e as the 
contro ls, however they v isited the bungalow  
room s s ign ifican tly  fewer tim es, suggesting  a 
poor strategy in going around the rooms. In order 
to  com ply w ith the firs t task requirem ent the 
participants must devise a pattern or strategy of 
visiting the four rooms, and repeat this until they 
finish collecting the furniture. Performance data 
from the control group indicated the existence of 
two main strategies: the firs t is to  visit room  1, 
then room 2 and then room s 3 and 4, while the 
second strategy would be to go to room 1, then 
to room  4, and then to room s 3 and 2. The 
absence of an organized strategy for m oving 
from  room  to  room  characterized the 
performance of the patients here. With regards to 
p rospective  m em ory, the two groups d id  not 
d iffer on the activ ity-based m easure 
(rem em bering to close specific doors), however
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there were deficits on the other two measures: in 
particular, the patients showed a defic it at trend 
level on event-based prospective  m em ory 
(remembering to label fragile items) and a highly 
s ign ifican t im pairm ent on the tim e-based  task 
(visiting the fron t door at specified intervals). 
Furtherm ore, the exam ination of possib le  
con tribu tion  of m em ory (as m easured by the 
Logical Memory subtest of the W echsler Memory 
Scale Revised [WMS-R] [W echsler, 1987]) 
ind icated a particu la r pattern o f results: co ­
varying for m em ory d id not a lter the results in 
term s o f the room s visited, strategy form ation 
and tim e-based prospective m em ory, though it 
did remove a trend for im pairm ent on the event- 
based task, po in ting  to the con tribu tion  of 
retrospective m em ory to rem em bering future 
in tentions; in term s o f variables that cou ld  not 
use parametric tests, correlations occurred in the 
patients only, in that poor m em ory was 
associated with poor performance on the activity- 
based task, and also w ith increased rule 
breaking behaviour. S im ilarly, the W arehouse 
Task also e licited s ignificant im pairm ents in the 
patients: here, the patients w ith right fronta l 
lesions com m itted s ign ifican tly  m ore rule 
violations  than the contro ls, w hile  the patients ' 
worse perform ance on the evenness m easure 
(suggesting to allocate effort or resources evenly 
across a num ber of tasks) was not related to 
hem ispheric side of the lesion. Again, in order to 
explore the potential effect of memory, follow ing 
analysis of covariance the g roup d iffe rence on 
evenness remained robust, while non-parametric 
corre la tions revealed that poor m em ory was 
associa ted w ith increased num ber of rule 
violations in the patients only. It is also interesting 
to note that the patients were tested on 
specifically designed paper-and-pen prospective 
m em ory tasks, but also on w ell-know n 
conventional, and ecologically valid procedures, 
nam ely the SET and Zoo Map Test. The 
perform ance of the patients w ith fronta l lobe 
lesions on these tasks, however, d id  not d iffer 
s ignificantly from the normal controls.

Conclusion

The experim ental tasks used for the 
investigation of p lanning and problem -solv ing 
skills in patients w ith fronta l lobe dam age vary 
from simple tasks performed in the laboratory to 
more m ulti-tasking, real-life sim ulating 
procedures. A lthough the ToL/ToH paradigm  
remains a good way of furthering understanding, 
however, there has been a strong move in recent 
years towards more eco log ica lly  valid tests. 
Indeed, the studies reviewed above support the 
idea that facets of p lanning ab ility  may be 
successfully explored through the use of VR tests, 
designed to invoke processes analogous to the 
ones required in everyday life situations. Clearly, 
more empirical work is needed so that VR-based 
techniques can be rigorously evaluated, but -  by 
com bin ing experim ental contro l and ecological 
validity -  the potential exists for these techniques 
to at least com plem ent standard research testing 
and becom e a viable means for investigating 
higher order abilities.
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