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A growing number of studies report a deterioration of the executive function (EF) in dementi%of
the Alzheimer type (DAT). To evaluate EFs in DAT, a new version of the Tower of London (TOE)
task, originally developed by Shallice (1982), was adapted. The new version of the test was bu@ up
in its easiest possible feature in order to be administrable to early- or middle-stage demented patients
Seventeen DAT patients, and 17 controls matched for age and sex, were administered the TOLE The
protocol followed a “hierarchical paradigm,” that is, simpler problems were embedded in more cgm-
plex, subsequent problems. Results showed that DAT patients were impaired compared to cogirols
Both control and DAT groups showed a decrease in percentage of success rate in relation to the nﬁmbe
of movements required by the task. On the more complex problems, the performance of DAT subéfects
was proportionally more impaired. Qualitative analysis revealed that rule breaking was a salientper-
formance feature of the DAT group. These findings are consistent with the presence of an EF deficit
in DAT. =
© 2002 National Academy of Neuropsychology. Published by Elsevier Science Ltd. All rights reser\%d.
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1. Introduction

In dementia of the Alzheimer type (DAT), deterioration of cognitive abilities collectively
known as executive function (EF) are increasingly reportednimings & Benson, 1992
Grady et al., 1988Jolles & Hijman, 1983; Passini, Rainville, Marchand, & Joanette, 1995;
Patterson, Mack, Gelmacher, & Whitehouse, 19%any studies are consistent with the
possibility that an impairment in EF occurs early in DAT ($&ary & Hodges, 1999 For
instance Janowsky and Thomas-Thrapp (19@8)d Strub and Black (19813uggested that
deficiencies in organizational and executive abilities may signal the early stages of DAT. They
reported that tasks depending on familiar information and routine operations are most reS|stant
to disruption. Conversely, new and complex tasks deteriorate most evidently. The presenc of
early EF dysfunction has been reporteddignkvist (1996) Binetti et al. (1996andCollette,
Andres, and Van der Linden (1999)afleche and Albert (1995 dministered seven tests to
assess EF in DAT patients. They observed that DAT differed significantly from controls on
four tests. According to these researchers, performance on these tests was impaired be&u&
they require concurrent manipulation of information (e.g., set shifting, self-monitoring, or sg—
guencing) and cue-directed attention (e.g., the ability to use cues to direct atteBtiotgni, 5
Montaldi, Brooks, and McCulloch (1992)sed four neuropsychological tests (verbal fluency,s
delayed alternation, subject-ordered pointing, and the Wisconsin Card Sorting Test) to de-
termine frontal lobe involvement in DAT. They showed that DAT subjects were impaired i
the first three tasks. Impairments were present at all stages of the disease and were refated
to disease severity. In a longitudinal stu@ghakian et al. (199@bserved also the presence 3
of executive dysfunction in the early stage of DAT. In a prospective staalyrigoule et al.
(1998)showed that preclinical cognitive deficits in Alzheimer’s disease may be interpreted
the disturbance of controlled processes.

Royal, Mahurin, and Cornell (19949und that a measure of EF was better correlated tharm
mini mental status examination (MMSE) scores with functional status. According to them, th§s
observation suggests that executive dysfunction has a substantial role in determining patiegt’s
level of functioning that is perhaps more important than global cognitive impairment. Exe@
utive dysfunctions have been associated with greater neuropsychiatric sympton@zhegy ( <
Sultzer, Hinkin, Mahler, & Cummings, 1998Moreover, a number of studies associated im-
pairments in EF with inability to perform daily activities in AZhen et al., 1998Grigshy,
Kaye, Baxter, Shetterly, & Hamman, 1998Iillis et al., 1999. For Royal (1994)andRoyal
et al. (1994) DAT might be better understood as a syndrome of executive dyscoRtrolan
and Royall (1999have suggested that impairments in EF were a robust determinant of fu
tional status, disability, and dementia.

In sum, the evaluation of EF in DAT is recognized as an important aspect in clinic and may
be useful for the early detection of DAT. However, classical EF tasks are not always adapted for
DAT population. For instanc&hen et al. (1998)bserved that seven of the proposed executive
skills tests could not be performed by 32—-55% of a moderately impaired DAT group. Therefore,
an effort needs to be provided to adapt these tests to that population.

The EF includes a broad range of abilities whose number and nature vary according to
different authors. In the literature, a number of interrelated skills have been distinguished, in-
cluding recognition and selection of appropriate goals, manipulation of concurrent information
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(e.g., set shifting, sequencing, and monitoring), cue-directed attention, concept formation
(e.g., abstraction)Anderson, 1980; Denkla, 1996losser & Goodglass, 1990; McCarthy &
Warrington, 1990 ForWelsh, Pennington, and Groisser (199tlinvolves strategic planning,
impulse control, and organized search, as well as flexibility of thought and action. Thus, in-
hibitory mechanisms play a central role in BRufia, 1966, 1973; Shallice, 1982Subjects

must maintain a smooth flow of planning and control behavior in the face of potential distrac-
tions. At each step of the task, they have to obtain relevant information in light of their goal
(or subgoals), on one hand, and they have to inhibit irrelevant information, on the other hand.
Moreover, the immediate attainment of one subgoal may conflict with the attainment of more
appropriate subgoals that lead to the final goal.

Within this broadly conceived framework, our study will focus on a central feature of @e
EF: planning abilities which imply the attainment of a goal through a series of intermedite
steps which do not necessarily lead directly to that goal. In order to study this type of proc%se<
in EF, Shallice (1982plaborated the Tower of London (TOL) test. This test was designed as a
means of identifying impairments of such supervening planning processes. It was derived %rom
the Tower of Hanoi Disk-Transfer task, which consists of well-defined start and goal state-s as
well as a constrained set of legal operators (i.e., behavioral responses) for movements thgoug
the problem solving space. The TOL requires planning such as means—ends analysis inirde
to solve a series of successively more difficult problems and to avoid incorrect moves. Sol¥ing
TOL problems requires the rearrangement of colored balls on three pegs to match aZgoa
arrangement (i.e., duplication of the experimenter’s ball configuration) of balls presenteﬁ on
an adjacent model (start position). The simpler problems can be solved by directly transfeging
balls from a start to a goal position, whereas complex problems involve planning the coigect
sequence of moves. In these cases, the goal is achieved by being broken down into subgoal
The TOL is a non-verbal task. It is also a novel task for all people, so that subjects did not I%ave
the opportunity to previously develop subroutines. This test is well recognized to measure
EF (Anderson, Anderson, & Lajoie, 19%6lt has been administered to many population%2
including traumatic head injury caseszpuvi et al., 1995; LeThiec et al., 1999; Levin et al. 5
1996, and patients with focal frontal lesionGlpsser & Goodglass, 1990; Goel & Grafmang
1995 Shallice, 1982Shallice & Burgess, 1991 g

Thus, it follows that the TOL test appears to be appropriate for the assessment of’EF
which is an important clinical aspect in DAT. However, concerning this population, it méy
be necessary to use a simplified version of the task. For the elderly populakimmano, i
Della Sala, Laicona, Pasetti, and Spinnler (1985yeloped a version of the TOL which was>
given to 131 normal subjects. They found a decline of performance in normals. Therex was
no significant influence of education and sex on the test performance. There is, howe\@r
number of difficulties with their testing procedure. First, there was a time limit in the execution
of the problems and this is a potential problem for a population who could have a sensorimotor
slowness. Second, in presence of rule breaking, the examiner stopped the test to remind th
subject that a rule has been broken and the scoring system is complex and used global scor
However, the “microanalysis” of individual performances (e.g., types of error) often provides
a good clinical insight on patient’s cognitive disturbances.

The goal of this research was to study EF deficits in DAT by means of a new, adapted version
oftheShallice (1982YOL test. This version follows a “hierarchical paradigm,” that is, simpler
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problems are embedded in more complex, subsequent problems. Moreover, it should allow
assessment of these types of deficits in DAT patients, and control the basic abilities involved in
this task, with the subject beginning with very simple problems and then going through more
and more complex problems (the complexity is defined by the minimum number of moves
needed to match the model). This task also allows a qualitative analysis of patient’s errors,
providing further knowledge of the underlying deficits.

2. Method

2.1. Qubjects

BO|UMO(]

The experimental group was composed of 17 DAT patients (10 women, 7 men) whose megan
age was 72.0 (». = 5.1). Ages of patients ranged from 62 to 79. All DAT patients were%
given a diagnosis of DAT by a senior staff neurologist according to the criteria developed gy
NINCDS-ADRDA group (McKahn et al., 1984 Laboratory testing was performed to rule out =
some other possible causes of dementia. Patients with a history of severe head injury (Ios§ of
consciousness for more than 48 h), alcoholism, and depressive symptomatology were excluged.
To reduce the possibility of including multi-infarct dementias, patients with a score of 5 ¢f
greater on the Hachinski scale were excluded. The dementia severity measured by the MMSE
(Folstein, Folstein, & McHurgh, 19%5vas mild to moderate (mean MMSE score21.5;
S.D.=24).

The normal control group was composed of 17 healthy seniors with a mean age of 7
(S.D. = 4.7). Ages of subjects ranged from 63 to 79. The mean MMSE was 2106 £51.7).
They were matched with the experimental group for age and sex. There was no signiflcgnt
difference in the number of years of schooling between the groups. Control subjects were
randomly selected from a list of beneficiaries of a pension fund. None of them showed aﬁfny
sign of dementia according to the DSM-IIIR criteri@ifgnostic and Statistical Manual of £
Mental Disorders, 1997 Exclusion criteria included cerebrovascular disease, Parkinson’s
disease, severe trauma (loss of consciousness for more than 48 h), depressive symptomat@‘ogy
or chronic alcoholism.

],JE/LM/LUOO'dn
(o]

2.2. Material and procedure
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The TOL materials included two kits, one for goal arrangement (examiner’s kit) and ore
for start position (subject’s kit)Hig. 1), each made of a wooden base 22grd cm x 2cm.
Three wooden pegs of different lengths (12, 8, and 4.5 cm) were mounted on the base. For
each kit, there were three colored balls (yellow, red, and blue), 3cm in diameter, with holes
cut through the core so that they can easily be placed on the pegs.

The protocol included 15 problems organized in the following way. First, three problems of
five movements were selected. Two of them were selected according to the presence or absence
of a“trigger.” Atrigger is an incitation to the subject, at the beginning of the task, to move a ball
to its final position according to the modélgllette & Van der Linden, 1993 For instance,
Problem 13Fig. 1) contains a “positive trigger,” which helps to reproduce the model. Problem

144
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Series A Series B Series C
Positive Trigger No Trigger Negative Trigger
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Start Position tart Position Start Position
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roblem 6: 2 moves oblem 5: 2 moves
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Problem 9: 3 moves
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L5
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Fig. 1. Schematic representation of the adaptation of the Tower of London stimuli. R, Y, and B designate pos@ons
for the red, yellow, and blues balls on the pegs. There is one start position for each series. Three problemgwere
given at each level (L) of complexity.

15 contains a “negative trigger,” which is an obstruction to the following moves. Hence, itis a
potential distracter that could lead to a failure in appropriate goal-directed behavior. Problem
14 is “neutral,” that is, it contains no trigger.

Each of the three original problems was segmented into five skepsl). Each step was
used to define a different problem. Hence, each of the three original problems made up a serie
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of five problems of different levels of complexity, defined by the minimum number of moves
needed to match the model. Therefore, the protocol was made up of three series and each of
them included five problems requiring from one to five movements. Moreover, the protocol
followed a hierarchical design, that is, simpler problems were embedded in more complex,
subsequent problemBi@. 1). Operationally, in each series, this means that a problem of Level

L includes all aspects of L-1 problem, and “something more.”

Each subject was tested individually in a quiet office. Using two pretest problems (of two
movements each), the examiner explained to the subject that he had to fit the balls onto the
pegs of his kit in the same way as the examiner’s goal model. The examiner explained that
he had to comply with the following general rules: (a) reproduce the examiner’s model in a
minimum number of moves; (b) move only one ball at a time; (c) place not more than one bgll
on the shortest peg, and not more than two balls on the middle one; (d) always move a baIEon
one or another peg (i.e., not lay down on the table or on the base). The instructions emphasged
accuracy rather than speed of performance. =

Different peg/ball combinations were presented on the model, each constituting a problan
For each problem, the preparation of the configuration on the subject and examiner’s kits \@‘as
hidden. In order to make sure that patients understood rules, and because DAT patients te@d to
perform at floor on traditional “frontal testsBfiutani et al., 1992 problems were presented
in order of increasing difficulty, from one to five movemerfgy 1). There was no time limit.
The subject was asked to say when he had finished. In the case of violation of rules, they \/@are
reminded at the end of the problem. When wrong configurations were observed, at the gnd
of the total series of 15 problems, the examiner explored a potential visuospatial impairmént
with the following procedure. For each problem, the examiner reintroduced the model t@t
had been failed. The subject was given a kit with the ball lying on the table. He was invited
to reproduce the model without any limiting rules. In order to test the validity of the TOL ir‘g
evaluating EF, subjects were also evaluated with two other tests, that is, the Isaacs Set Test of
Verbal Fluency saac & Kennie, 1978and the Stroop TesBfroop, 193% For instance, the
Stroop Test has appeared to be sensitive to the presence of aHRAEL, Freeds, & Corkin,
1990; Spieler, Balota, & Faust, 1996

1waped
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2.3. Satistical analyses

As the data were not normally distributed, the statistical analyses were made by the mear% of
non-parametric tests (Mann—Whitneytest, Wilcoxon test, and signed rank tests). Thus, the>
statistical tests were made on the ranked scores of subjects. However, the mean scores wer@L als
reported as a general indicator of data central tendency. The sequentially rejective Bonferﬁ)nl
test was chosen to take into account the multiple significance tests and the correlation between
the tests $imes, 198k

In addition, to test the presence of a hierarchy in performance, a Guttman’s scalogram
analysis was conducted for each series. The Guttman’s scalogram approach is used to order
a group of items or tasks into a linear hierarchy and to evaluate whether or not the hierarchy
is unidimensional and cumulatively hierarchical. The degree to which a group of items or
tasks is judged to be unidimensional and cumulative is determined by the extent to which a
“success” (scores of 1) on any item or task co-occur with success on all items or tasks ranked



C. Rainville et al./ Archives of Clinical Neuropsychology 17 (2002) 513-530 519

as less difficult (here in terms of number of movements). The inverse is also true. That is, a
hierarchy is unidimensional and cumulative insofar as “failures” (scores of 0) on an item or
task co-occur with failures on items ranked as “more difficult” (&¥een, 1956; Guttman,
1944. On a Guttman scale, each profile of performance is greater than that preceding it on
the scale, so that it records all the traits of the preceding one plus some $touéfér et al.,

1950. In practice, “perfect scales” are rare, but approximate scales can be found. The degree
of fit of a Guttman scale can be assessed by a coefficient of scalability. There are different
methods to evaluate the presence of a “good scale.” The meth®dazfenough’s (1944)as

been used here.

3. Results

papeojumo(

To investigate global planning efficiency, the total number of successes was first analyzed.
One point was given for each problem succeeded (success: score of 1; failure: score of 0) FEac
group’s performance is summarizedTiable 1 Mann—-WhitneyU-test revealed a significant &
difference between DAT and control groups. Considering the number of problems succegdec
at each level, for control subjects, we observed that the means of Levels 1 and 2 Were§1lgr
and decreased slowly from Level 3 to 5. For DAT subjects, the level of performance decreased
sharply from Level 2 to 5. For all the levels, except for Level 1, a significant difference vps
found between the two groups.

Because problems had different levels of complexity (in terms of number of movemeriis)
it is likely that some subjects had the same number of success but presented different pr@fllec
That is, considering two subjects with the same score, one could have succeeded at a co%nple
problem while failing at a less complex one. This could mask a higher capacity in prob%m
solving. For this reason, a composed score was used: one point was given for each singl
movement problem, two points for each two movements problem and so forth for a maxinium
of 45 points for the complete task. Thus, according to this procedure, the subjects receiveiél the
corresponding number of points for each problem succeeded. Then, the composed scofe we
calculated by the addition of these points. Results showed that controls performed significantly

=
&
S
Table 1 >
Performance analysis for control and DAT subjects P
Control DAT N
M (S.D.) M (S.D.) P-value TR
Raw score 10.7 1.7) 6.6 (2.3) .0001
Level 1 2.9(0.2) 2.9(0.3) .6
Level 2 2.9(0.3) 1.9 (1.0) .0005
Level 3 1.9(0.9) 0.9 (0.7) .009
Level 4 1.7 (0.8) 0.7 (1.0) .003
Level 5 1.3(0.7) 0.2 (0.4) .0001
Composed score 27.6 (6.2) 13.4 (7.8) .0001

aMann-WhitneyU-test; raw score, maximues 15; level, maximum= 3; composed score, maximusm45.
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Table 2

Performance analysis (composed score) for each of the three series A—C, for control and DAT subjects
Control DAT

Series M (S.D.) M (S.D))

A 11.1 (4.1) 6.2 (3.9)

B 6.7 (4.5) 3.9(3.3)

C 9.9 (3.6) 3.1(2.4)

better than DAT (able ). Table 2shows the composed score for each of the three series focg
both groups.

This composed score was significantly correlated with the performances of the subjectsaon
two standard tests of EF, which are the test of verbal semantic fluency of Isaacs and the Str@aop
Test ¢ = .8, P < .0001;r = .5, P < .01, respectively). =

Considering the 15 problems individuallyigure 2shows the percentage of success for3
both groups. A visual examination &igure 2shows, for both groups, a global decrease ing
the percentage of success in relation to the number of movements; as the problems became
harder (in terms of number of movements), the number of problems solved decreased. But
this decrease was not strictly linear, that is, some problems had a higher percentage of suceess
than others that were considered to be easier. For example, for the control group, Probi;em
12 (four movements) had a higher percentage of success than Problem 7 (three movements).

3 Control
DAT

$202 14dy 0L uo 1senb Aq Z01Z/€ 1L G/9/L L/eIo1e/udB/WOo

Problems

Fig. 2. Percentage of success for each problem for control and DAT subjects. Letters A, B, and C represent the
series, and letter L represents the levels (note that all DAT patients failed Problem 15).
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Table 3

Coefficients of scalability for each series for control and DAT groups

Series Control DAT
A 0.30 0.32
B 0.91 0.86
C 0.05 0.46

Coefficient of scalability must be >0.60 (method@bodenough, 1944

Inthe DAT group, subjects performed better on Problem 11 (four movements) than on Problem
8 (three movements). g

As described above, simpler problems were embedded in more complex, subsequent?rob
lems. In other words, the protocol followed a hierarchical design. To test the presence%bf a
hierarchy in performance, a Guttman’s scalogram analysis was conducted for each serle<
Table 3shows the coefficients of scalability for control and DAT groups. For both grou@s
performance in Series B respected a hierarchy, that is, when subjects were successfui:on
problem of Level L, they regularly were successful on a problem of Level L-1. However, for
both groups, this regularity was not observed in Series A and C (i.e., low coefficient of scala-
bility). When a subject was successful on a problem of a certain level, he was not neces@rily
successful on other problems at the same level of difficulty, which was particularly noticeable
for Levels 3 and 4.

Comparison of adjacent levels of performance for the DAT group showed a statis@cal
difference between Levels 1 and 2 (signed rank$est42.5, P < .005) and between Levels &

2 and 3 (signed rank test —34.5, P < .004). There was no significant difference betweeﬁ
other adjacent levels. For the control group, there was a statistical difference between Le\ﬁels :
and 3 (signed rank test —41.5, P < .002). We observed no significant difference betweeﬁ
other adjacent levels.

The triggering effect was analyzed for Problems 13 and 15. This effect can be observe@l or
the first move. For Problem 13, if subjects were influenced by the positive trigger, they mqyed
the blue ball to the middle pedrig. 1). This move was completed by 13 control subjects ar1<d
11 DAT subijects. There was no statistical difference between the groups. Note that thisfirst
move was a necessary but insufficient condition for a success. For Problem 15, if subjectsiver
influenced by the negative trigger, they moved the yellow ball to the shortest peg in its @nal
position Fig. 1). However, this move was a mistake because it constituted an obstructiofj to
the following moves. Hence, subjects had to inhibit this action. This move was performed By 8
control subjects and 15 DAT subjects. This difference was statistically signifigant 6.6,
P < .01).

*dno!

124V

3.1. Error type analysis

For the qualitative analysis of performance, three types of errors were distinguished in
reference to the rules given to the subject: (1) “wrong final configuration” reflects, as it is
suggested, the accuracy of the final configuration after subjects had finished their moves; (2
“rule breaking” relates to rules b, ¢, and d of the general rules presented above (e.g., picking
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Table 4
Number of error types for control and DAT subjects
Control DAT
Number (%) Number (%)
Wrong final configuration 2(2.7) 6 (4.2)
Rule breaking 42 (57.5) 120 (84.5)
Excess movements 29 (39.8) 16 (11.3)
Total of errors 73 (100) 142 (100)

up more than one ball at a time); (3) “excess movements” concerns the reproduction of §1e
model with more moves than the minimum number required.

Table 4summarizes each group’s error types. First, considering the accuracy of the fn&l
production, very few errors were observed in both groups. From a total of 255 conflguratlogls
possible (17 subjects 15 problems), DAT patients failed on only six final configurations, and=
control subjects failed on only two configurations. In all cases, the subjects succeeded wﬁen
they were invited to reproduce the model without any limiting rules.

Table 4shows that “excess movements” errors counted for 39.8% of the total number gf
errors observed in the control group, whereas it represented 11.3% of failures on probleﬁ‘ns
for the DAT group. Proportionately, control subjects made more “excess movements” err@rs
than DAT subjects. In the same veifgble 4also illustrates that for the 15 problems, the
most frequent cause of failure for both groups is the “rule-breaking” type. This proportion wés
particularly high for the DAT group (84.5%). In other words, in the large majority of the case§
in this group, problems were failed due to one rule-breaking incident.

Table 5presents, for both groups, performance means and standard deviations of prQb—
lems having at least one rule-breaking incident at the different levels. Intergroup comparisehs
showed that in all levels, except for Level 1, DAT subjects committed significantly morg
rule-breaking errors than control subjects. Moreover, within-group comparisons showed that,
globally, as the complexity of problems increased, the number of rule-breaking incidents Eﬂ-
creased. For DAT subjects, rule-breaking incidents were very rare in Level 1, really emerged
at Level 2, and increased until Level 5. An additional analysis of rule-breaking incidents {n

oe//

g
S
Table 5 Z
Means of problems at each level presenting at least one rule-breaking incident in control and DAT subjec;ts
(maximum of three by problems level) E
Control DAT
Levels M (S.D)) M (S.D.) P-valuet
1 - 0.1(0.2) 3
2 0.1(0.2) 0.9 (1.0) .001
3 0.8(1.0) 1.8(1.0) .003
4 0.8 (1.0) 1.9(1.2) .002
5 0.8 (1.0) 2.5(0.9) .003

aMann—WhitneyU-test.
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Level 5 problems showed that 84% of these incidents occurred in the first two movements.
For control subjects, no rule-breaking incident was observed in Level 1, very few in Level 2;
they emerged in Level 3 and remained constant until Level 5.

4. Discussion

In the present study, a modified version of the TOL test, originally designeshiylice
(1982) has been proposed to investigate EF of DAT patients. DAT patients show a deficit in
the EF as measured by this task. Although considerably simplified, this adapted verS|on of
the TOL is a good tool to measure EF since the scores are strongly correlated to subgctc
performances on tests known to be standards of EF, such as the Stroop Test or the IsaaEs S
Test. This disability was observed in quantitative and qualitative analyses of performancés.

Quantitative analysis showed a global diminution in performance as the complexity of&he
problem increased; the percentage of success in relation to the number of movemenﬁs re
quired by the task decreased for control and DAT groups. However, on problems requ&mg
higher-level planning ability (i.e., more moves), DAT subjects were significantly more |§a
paired than the control subjects. Our data suggest that the breakdown in EF in DAT apgear:
“earlier” in problem complexity, and the decrease is more abrupt. The problems, even in their
easiest formulations, demand the ability to plan, an ability which is obviously impaired. These
findings are consistent with previous literature, which has reported an executive deficit in éAT
(Janowsky & Thomas-Thrapp, 1993; Lafieche & Albert, 19R6yal, 1994)

In addition to an accurate quantification of planning efficiency, qualitative analysis of @r-
formances provided important information regarding EF. For complex problems, the TDL
task requires planning, that is, a non-routine generation and execution of a sequence of é})atia
moves to solve the problem satisfactorily. Obviously, planning in TOL includes the coordi-
nation of several distinct, though interactive, cognitive components of EFs. It necessii&iﬁtes
a series of different operations which include the following: (a) a visuospatial analysissof
peg/ball combinations on two kits; (b) a mental manipulation of visuospatial images of ¢he
balls in order to produce possible solutions (i.e., anticipation); (c) the matching of the final
position of the image sequences to the goal arrangement specified; (d) the sufficientlygong
on-line maintenance (i.e., in working memory (WM)) of the mental representation of the stic-
cessful sequence of moves that enables its execution, but also the memorization of the i‘now
sequences that have been considered but rejected as possible solutions; (e) the correﬁt ex
cution of a sequence of moves with respect to the rules (self-monitoring); and finally (f)%he
evaluation of the combinations performed with the goal states, and if incorrect, the corre(ﬂlon
of mistakes (i.e., engaging a new plan). However, the nature and the degree of intervention o
these operations, generally associated with Efesid, 1966, 1973are not well known. To
clarify the underlying nature of the patient’s EF deficits, it is important to take into account
these operations when explaining the performance.

Before the subject begins to manipulate balls, the initial and goal states must be processe
with attention directed to the color and spatial configuration of the balls. The "“visuospatial”
capacity is a cognitive process to consider. In TOL tasks, it concerns the comprehension and th
coordination within a global reference system of the right—left and up—down relations between
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the balls. In this study, the low rate of wrong final configurations suggests no deficit in these
capacities, for both groups. Moreover, in the few cases of problems failed, all the subjects
could reproduce the goal arrangement at the end of the task. In sum, the deficits observed in
DAT cannot be explained by a visuospatial deficit.

As we have seen earlier, for both groups, the number of problems solved decreased as
the planning difficulties (i.e., in more complex problems) increase. This might be interpreted
in terms of a general overload of the cognitive capacities, but which have different impacts
according to the group of subjects. DAT patients tend to break the rules to achieve a given
combination, or a goal state, more often than control subjects. The number of rule breaking
increases as planning difficulties increase. In fact, frequent rule breaking is a salient perfor-
mance feature of the DAT group. This characteristic was also reportkdfliche and Albert
(1995) Self-monitoring is an important component of BFofkowski & Burke, 1996 Luria,
1973 Luria & Homskaya, 196} The TOL task includes the ability to self-monitor his/her
own actions according to the rules for the attainment of the goal. Rule breaking may be m—
terpreted as the result of the deterioration by the disease of a specific modulating mecharﬁsm
(Milner, 1982 Petrides, 198k which regulates the subject’s responses in reaction to chang@
in the environment following his/her action or inaction. In the TOL task, different information:
must be treated in parallel. As the complexity of the problems increases, it is necessary to plan
and to select the appropriate sequence in which subgoals can be reached. However, the nipve:
must be carried out in accordance with specific rules that must be kept in mind. Since ﬁle
self-monitoring process is severely deteriorated in DAT, it results in a general loss of contR)I
over the action. The underlying deficit may be attentional, specifically, in disengaging attent@n
from the current focus.

Considering subjects of the control group, when confronted with difficulties they make
proportionately more “excess movement” errors than DAT subjects. On one hand, this s&g
gests that control subjects can regulate better their actions according to the rules. They S still
have a better self-monitoring capacity than DAT subjects. On the other hand, considering ﬂ'\e
percentage of rule breakinggble 4, obviously this ability is weakened, which results in a &
temporary and occasional disregard for instructions. In other words, in a number of contgpl
subjects, although they can regulate their actions according to the rules, it is not a sufﬂc@nt
condition and planning difficulties on complex problems must be overcome. 2

Memory capacity is a central issue in the interpretation of performances. Because mem@ry
deficitis amajor clinical signin DAT, itis crucial to determine its impact on TOL performances.
However, different aspects of memory dysfunction contributions must be distinguished. Tge
firstis related to the high number of rule-breaking incidents in the DAT group. One explanatlen
could be that the DAT subjects have a low level of performance because they forget the rul@s
However, this test minimizes memory demands since the stimuli remain in front of the subject
at all times. Moreover, rules were reminded at the end of the problem in the case of violation.
The fact that the number of rule-breaking incidents increases, as problems become more
complex is consistent with an incapacity to plan. This interpretation is reinforced by the
finding that most rule-breaking incidents on the more complex problems occurred in the first
two movements. This suggests that rule breaking is not dependent of time butrather, isareaction
to the initial difficulty of the problems. Unable to anticipate the sequence of moves, subjects
bypass difficulties by breaking one of the rules. In other words, disabilities in self-monitoring
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lead to the disintegration of complex programs of activity and reset their replacement by
either simpler on more basic forms of behavior. This kind of dysfunction is characteristic of a
planning incapacityl(uria, 1966, 1969, 1973; Milner, 196&tuss & Benson, 1986

The second aspect concems WM, which is a coherent set of specialized short-term memon
functions Baddeley, 198 It implies that certain information remains at the forefront of
cognition and guides appropriate responses, even when this information is no longer present
Information can remain temporarily “on-line” and in position to guide behavior. WM is a
means by which some information is sustained or symbolically fixed in mind while parallel
processing is operated. Héennington, Bennetto, McAleer, and Roberts (199@Yl is central
for maintaining the various constraints or situational variables relevant to the current context.
The major role of WM processes in the EF have been emphasized by different aBtnisy,
1996; Denkla, 1996; Eslinger, 1996; Welsh et al., 1991

In the TOL task, problems of different levels of complexity (in terms of number of movg-
ments) differ in the potential WM demandAr(derson, 19800wen, Downes, Sahaklan,ﬁ
Polkey, & Robbins, 1990 In less complex problems, the representation of the sequence [Sre—
viously elaborated must be maintained over a shorter time interval. In more complex problgms
subgoals must be defined and sequences of moves directed toward its attainment have t(ﬁbe S
lected. Once the solution has been found, it must be held in short-term memory and trans@ose
into the appropriate sequence of motor movements before it can actually be executeds The
intermediate problem stages generated must be represented in WM. Even the move seqlgenc
for a particular problem that have been considered but rejected as possible solutions mlgst b
memorized. Hence, the more complex the problems are, the greater the memory storagéloa(
Consequently, if memory load is the key factor, a global reduction of percentage of suc§ess
should be observed as the complexity of problems increases.

Since WM is affected in DAT Baddeley et al., 1991; Van der Linden, 199dne could
suggest that subjects can correctly plan, evaluate the problem, and then generate, refmg ar
revise a solution, but fail to represent sequences of moves in WM and/or to recuperate tﬁem
DAT performances may be impaired in retaining a sequence of spatial moves in short-tferm
memory for the length of time required to allow its successful execution to take place. Fhis
research did not directly address this question, but the data suggest a possible impact of
WM deficit. Figure 2illustrates a global decrease in performance, which is, at first sigft,
concordant with a memory deficit. However, as we have seen, the percentage of successjs n
linear. For both groups, some problems have a lower percentage of success than those tﬁat 8
more complex. This has been confirmed by the low coefficient of scalability in Series A an:el C
(remember that inside each series simpler problems were embedded in more complex %nes
Moreover, if memory load is again the central factor, problems at the same level (within-l@el
analysis) should have more or less the same percentage of success since memory storage |c
is presumed to be the same. But, as we have seen, it is not the case for Levels 3, 4, and 5, fc
both groups. Percentage of success varies considerably between problems within these level
This also illustrates that the complexity of problems, in terms of number of movements, clearly
is not the only factor to intervene. The complexity of the problems does not directly correspond
to the level of difficulty for subjects.

In the TOL task, differences, at times large, in the rate of success for problems requiring
the same number of moves to be solved have been observed in other research. For instanc
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Anderson et al. (199@dministered the version 8hallice (1982)o a large sample of children
to provide normative data. They observed that success does not correspond directly to item
difficulty. Moreover, for some problems in which there is an equal number of moves required for
a solution, the rate of success varies considerably. However, the reasons for these discrepancie:
were not discussed. In summary, in the TOL task, WM is an important factor in performance.
But, obviously others factors intervene.

As suggested earlier, the efficiency scores in TOL tasks also reflects the ability to resist dis-
tractors (e.g., negative trigger) and inhibit maladaptive responding. Impairments in inhibition
in DAT were reported in different studiesifieva et al., 1998Faust, Balota, Duchek, Gerns-
bacher, & Smith, 199 Spieler et al., 1996 As illustrated in Problem 15 (which has a negative
trigger), potential distractors could lead to a failure of appropriate goal-directed behavior. gn
this case, subjects must be able to inhibit, in the first move, an incorrect but prepotent respogse.
There is a dynamic interaction between the strength of the actual influential response andzhe
alternative response retained in WMgnhnington, 1994 Note that the converse is also true. 3
A salient alternative response could have a benefit effect, as we have seen in Problem 13 |r$the
first move. However, in this case, it was not sufficient, as suggested by the low rate of succe% in
DAT. Moreover, as suggested above, one may also hypothesize that an inhibition dysfuncgon
is at the origin of rules breaking. In this line, subjects have difficulty resisting the impulsg
to act upon stimuli and to interpose a goal-directed action while adhering to the rules. The
goal-state seems to dominate at the expense of rules and leads DAT subjects to employ rﬁore
routine procedures. For example, in Problem 12, the subjects had to proceed to the i mversn}gl of
the colored ballsKig. 1). Being unable to plan the correct sequence of (four) moves, the DAS
patients do the rotation of the colored balls by using both hands. In others words, it seems gnat
the subjects were centered on the inversion and ignored the rules. This is likely a version ofthe
“stimulus-bound effect” reported in DATP@ssini et al., 1995; Rainville, 1992nterestingly,
when the rules were remembered, often the DAT patients protested having violated them.

In sum, inhibitory mechanisms play a central role in TOL tasksvin et al., 1996;
Pennington, 1994 As suggested by the findings of other studies, and the performance @
the Stroop Test, the DAT patients have a dysfunction in inhibitory processes, which obviously
have a repercussion at different levels of the hierarchy of decisions in the TOL task. Easy TOL
problems may be solved automatically by the selection of the appropriate moves followifig
inspection of the array, and require minimal planning. For more difficult problems, in additioh
to the generation of multiple, sequential moves, subjects are confronted with several, mﬁre
or less salient erroneous response alternatives. While keeping in mind (in WM) the rules, mot
only does a good sequence of moves have to be generated, but, corollary, distracting respénse
alternatives must be controlled. S

In conclusion, the findings of this study support the clinical observations of an EF |mpa|r-
ment in DAT. The adapted version of the TOL task used in the current study gives a valid and
reliable assessment of EF in DAT. This quick and easily administered version proves to be
a useful clinical tool. The subject begins with very simple problems and then goes through
more and more complex problems. In this version, basic abilities involved, such as the com-
prehension of rules and visuospatial abilities, are controlled. Both quantitative and qualitative
analysis distinguish DAT patients and normal participants. While a number of traditional ex-
ecutive measures employ a global score as indicators of performance, the qualitative aspects
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of performance in the current procedure give a more accurate picture of EF. For instance, we
observed that DAT subjects, when confronted with difficulties, make proportionately more
rule-breaking errors than control subjects suggesting an impairment in self-monitoring ca-
pacity, whereas control subjects make more “excess movements.” To explain the deficits in
DAT in the TOL task, WM impairments and/or dysfunction in inhibitory processes are good
candidates.
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