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Abstract Deficit in planning and problem-solving, affecting
a wide range of neuropsychological patients, has been widely
investigated using the Tower of London (ToL) test, as devel-
oped by Shallice (Philos Trans R Soc Lond Ser B Biol Sci
298:199-209, 1). The ToL taps on several executive functions
(EF), such as planning, time for planning or rule breaks, which
may be usefully indexed by different ToL measurements.
However, in its original version, the different aspects involved
in ToL are not evaluated in a specific way.

Here, we report the standardization of the ToL, on 8§96
individuals aged 15-86 years, taking in account individual
factors (i.e. gender, age, years of education) which may affect
performances on ToL. We computed several indexes on the
ToL including score, planning and execution times, persever-
ations, rule breaks and self-monitoring. We found that these
indexes were affected by individual factors such as gender,
age and education. Present results not only provide extensive
normative data according to gender, as well as different age
and education ranges, but also represent a very useful instru-
ment for a more fine-grained diagnosis of EF deficits in a wide
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range of neuropsychological patients, including traumatic
brain injury and brain-damaged patients, as well as
Alzheimer’s disease and Parkinson’s disease patients.

Keywords Tower of London - Executive deficit - Planning -
Problem-solving - Frontal lobe - Normative data

Introduction

The Tower of London (ToL; [1]) is one of the most used
tests for assessing executive functions (EF), both in clinical
and experimental neuropsychology. In particular, ToL is
considered a general measure of visuospatial problem-solv-
ing, and more specifically of planning, which results are
related to the activity of the prefrontal cortex (see [2, 3]
for reviews). The planning skill demands the mental antici-
pation and evaluation of future actions and of their resulting
consequences and it is crucial in everyday life. The main
goal of the ToL is to assess the mental planning of a series
of moves to match the configuration of beads presented by
the examiner. Indeed, in the ToL, individuals are asked to
rearrange a given start configuration to reach a final config-
uration in a predetermined set of moves, also following a set
of rules: only one ball can be moved at a time, no ball can
be placed outside of the three wooden pegs that have a
different length for holding three, two or just one ball,
respectively.

In the clinical use, generally, performances are eval-
uated in terms of accuracy measured as the number of
trials correctly solved in the minimal number of moves
or response times for the planning and execution phase.
Performances result defective in a large range of neuro-
logical and psychiatric patients (e.g. Parkinson’s disease,
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stroke, traumatic brain injury, dementia, schizophrenia
or attention-deficit/hyperactivity disorder) [4].

Some previous studies focused attention to rule breaks,
which occur when subjects fail in complying to the initial rules
to solve the ToL’s task, since the rule-breaking behaviour
seems to be characteristic of some pathologies. Thus, for ex-
ample, in focal brain-damaged patients, the presence of rule
breaks is associated with frontal lesions [5], but rule breaks are
also present in neurodegenerative disorders. Both patients
with Alzheimer’s disease and mild cognitive impairment
break rules very often [6—8] and rule breaks increase with
the increasing of the problem complexity [6] in patients af-
fected by frontotemporal lobe dementia [9]. Furthermore, the
increasing of rule breaks allows to distinguish patients with
stable deficits from those with declining cognition [7].
Elevated numbers of rule break also characterize patients with
Parkinson’s disease [10], schizophrenia [11] and ADHD [12].

In general, performance on ToL correlates with the results
of tasks evaluating other cognitive functions, i.e. attention
[13], working memory, flexibility, inhibition control [14—17]
and fluid intelligence [17-19].

Experimental studies aimed to understand the nature of
individual differences and the neural correlates of ToL perfor-
mances. For example, Boghi et al. [20] underlined the role of
gender. In general, they found that brain activity varies with
the difficulty of trial, being easier trials associated to neural
activity in parietal regions and difficult trials with activity in a
wider network including several frontal regions and subcorti-
cal structures. Gender differences were also observed suggest-
ing that males and females rely on slightly different cognitive
processing for performing ToL. Indeed, males showed higher
precuneus activity suggesting relied on visuospatial abilities
and females showed higher activity in dorsolateral prefrontal
cortex suggesting they relied more on executive processing.

Also, ageing affects performances in ToL [14, 21-23].
Indeed, not only young children but also teenagers may show
poorer performances than young adults; furthermore, compared
to younger adults, healthy elders have shown decline of perfor-
mances, which have been interpreted as due to age-induced
changes in fluid intelligence [15, 22—24], in visuospatial work-
ing memory [14, 15, 24] and also in processing speed [21].

Taken together, these results suggest that not only pathol-
ogy but also individual factors affect performance on ToL,
making mandatory to have normative data allowing to correct
raw scores for age, gender and education.

Materials and method
Participants

The ToL has been administered to 896 healthy Italian partic-
ipants aged 15-86 years, who were relatives of inpatients at
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the IRCCS Fondazione Santa Lucia or college students at the
Sapienza University of Rome. Participants were subdivided
into six groups: (1) youngest (Y) included 159 participants
aged between 15 and 25 years (education range 518 years),
(2) young adults (YA) included 146 participants aged between
26 and 35 years (education range 8—18 years), (3) adults (A)
included 124 participants aged between 36 and 45 years (ed-
ucation range 5-18 years), (4) middle-aged (MA) included
207 participants aged between 46 and 55 years (education
range 5—18 years), (5) older (O) included 168 participants
aged between 56 and 65 (education range 518 years) and
(6) oldest (TO) included 92 participants aged between 66
and 86 years (education range 5-18 years) (for more details
about demographics see Table 1).

None of the participants had a history of neurological or psy-
chiatric disease, as confirmed during an informal interview car-
ried out before the test phase. To exclude the presence of deficit
on logical and abstract reasoning, all participants performed the
Raven’s Coloured Progressive Matrices Test [25, 26].

Tower of London (ToL 16)

The Tower of London test (ToL) includes problems of increas-
ing difficulty. It consists of a board (25 x 10 cm) with three
vertical pegs of different increasing length (6, 12, 18 cm) in
which are placed three different wooden balls or beads (5 cm
diameter) of different colours (red, white and green). The
shortest peg only accommodates one bead, the second, two
and the third, three.

Table 1 Demographics, mean, standard deviations and age and
education ranges, for male and female participants in each group
Group Gender N Age Education
Y F 85 21.08 (2.52) 12.52 (3.30)
Age range 15-25 M 74 19.72 (3.09) 11.49 (3.73)
Range 5-18
YA F 71 30.07 (2.89) 14.31 (3.76)
Age range 26-35 M 75 30.81 (2.95) 13.64 (3.68)
Range 8-18
A F 71 40.85 (2.88) 11.97 (3.61)
Age range 36-45 M 53 39.92 (2.80) 12.87 (3.69)
Range 5-18
MA F 122 50.40 (2.87) 12.56 (3.98)
Age range 46-55 M 85 50.64 (2.68) 13.02 (3.96)
Range 5-18
o F 90 60.78 (2.75) 10.84 (3.98)
Age range 56-65 M 78 59.86 (2.52) 11.73 (4.16)
Range 5-18
TO F 52 72.21 (5.14) 7.98 (2.98)
Age range 66-86 M 40 71.70 (4.44) 9.85 (3.95)
Range 5-18
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Like the original ToL task [1], the right peg on each trial
could only hold one bead, and moving leftward, each succes-
sive peg could fit one additional bead.

Subjects are presented with a given bead configuration
(starting configuration; Fig. 1a) and a picture of the final con-
figuration (Fig. 1b) they have to reach by moving the three
beads, without violating the following rules: (a) solving the
problem within a maximum number of moves written on the
picture of the final configuration, (b) moving one bead at a
time and never holding more than one bead and (c) bear in
mind that the smallest peg can contain only one bead, the
medium peg can contain two beads and the highest peg can
contain all three beads.

Here, we standardized on an Italian sample the version of
the test conceived by Shallice [1] following the procedures
proposed by Krikorian et al. [27]. Although in these years
novel versions of ToL have been proposed (see for example
[13]), we decided to adopt this older version, since to our
knowledge it is the more diffuse in clinical evaluations.
Moreover, we added four new problems to add the original
12 proposed by Shallice in 1982 ([1] see Fig. 1).

The ToL 16 includes 16 trials of increasing difficulty with a
maximum number of allowed moves that varies from 2 to 7.
For each trial, three attempts are allowed. Following Krikorian

A

Start
B

LARPE
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Fig. 1 a Starting configuration of the Tower of London (70L) test. b
Final configurations and number of allowed moves in the four new
trials. G green, R red, W white. Colour figure can be viewed in the
online issue

et al. [27], scoring corresponds to the number of solved prob-
lems (hereafter called score) according to the number of at-
tempts needed to achieve the solution (i.e. 3 = solved at first
attempt; 2 = solved at second attempt; 1 = solved at the third
attempt; 0 = not solved).

In solving the trials, participants had to take into account
the following rules:

1. Each pegs can accommodate a different number of beads
as follows: the first peg (the shortest) one bead, the second
(the medium) peg two beads and the third (the longest)
three beads.

2. Just one bead might be moved at time. Thus, a bead can be
moved only if the previous one has been placed on one of
the pegs.

3. The beads cannot be placed outside the pegs (for example,
on the table or on the ToL board).

4. The number of allowed moves, which is printed in the
bottom part of the picture, must be respected.

After participants had solved each trial, they were asked
whether they believed that their performance was correct or
wrong (self-monitoring).

For each item, the experimenter reported on the scoring sheet
(see supplementary materials) number of trials necessary for
solving the item (maximum 3), the sequence of moves in each
attempt, time between instruction and the first move, total time of
execution (from the instruction to the end of the item), presence
and number of perseveration (repetition of the first move of the
wrong sequence), presence, number and type of rule breakings.

The following indexes have been calculated: (1) score, as it
results from the sum of the scoring on each trial (maximum
score = 48); (2) planning time (seconds), as it results from the
sum of the time spent on each item between the instruction and
the first move; (3) execution time (seconds), as it results from
the difference between the sum of the total time spent on each
item and the planning time; (4) perseverations, as it results from
the sum of the repeated “first move” of the wrong sequence on
the same trial; (5) rule breaks, as it results from summing the
presence (1 = at least one rule break; 0 = no rule breaks) of rule
break on each item and attempt and (6) self-monitoring, as it
results from summing the correct evaluation of one’s own per-
formance on each trial (1 = wrong performance recognized as
wrong or correct performance recognized as correct; 0 = wrong
performance failed recognized as wrong).

Results

Pearson’s correlation has been calculated to assess whether the
performances on the ToL correlated with age, education and
gender (point biserial correlation). Age, gender and education
were significantly correlated with most of the ToL indexes,
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and more specifically with score, perseverations, rule breaks
and self-monitoring (Table 2). Furthermore, education signif-
icantly correlated with planning time, whereas age and gender
significantly correlated with execution time. According to the
above reported results, mean and standard deviations (SD) for
each index of the ToL are provided in Table 3 according to the
age, education and gender. Table 4 reported percentiles of the
scores on the ToL.

We also performed a MANOVA to assess the effect of age
(Y vs. YA vs. A vs. MA vs. O vs. TO) and gender (male vs.
female) on the ToL indexes. Education (a continuous mea-
sure) has been included as a covariate. Bonferroni’s correction
for multiple comparisons has been applied to all post hoc
comparisons.

We found a main effect of age on score (F 5553 = 21.601;
p<0.001), planning time (F 5 gg3 = 2.289; p = 0.04), execution
time (F 533 = 13.265; p < 0.001), rule breaks (F
s.883 = 14.926; p < 0.001) and self-monitoring (F
5883 = 20.143; p < 0.001). Post hoc comparisons on score
showed that TO had worse performances (Y: p < 0.001; YA:
p < 0.001; A: p < 0.001; MA: p < 0.001; O: p = 0.001),
followed by O, whose performances were worse than Y
(p < 0.001), YA (p <0.001), A (p <0.001), MA (p = 0.01).
MA had worse performances than Y (p = 0.02), whereas per-
formances of A, Y and YA did not differ (p > 0.05).

Post hoc comparisons on planning time failed in highlight-
ing significant effects, whereas post hoc comparisons on exe-
cution time showed that TO had the slowest performances (Y:

Table 2  Pearson’s correlation

p <0.001; YA: p <0.001; A: p <0.001; MA: p < 0.001; O:
p < 0.001), followed by O, who were slower than Y
(p = 0.002). MA were slower than Y (p = 0.001), whereas
A, Y and YA did not differ (p > 0.05).

Post hoc comparisons on rule breaks showed that TO per-
formed more rule breaks than all the other groups (Y:
p <0.001; YA: p <0.001; A: p < 0.001; MA: p < 0.001; O:
p < 0.001), whereas O performed more rule breaks than A
(p =0.003).

Concerning self-monitoring, post hoc comparisons showed
that TO performed worse than Y (p < 0.001), YA (p < 0.001),
A (p<0.001)and MA (p <0.001). O performed worse than Y
(» < 0.001), YA (p < 0.001), A (p < 0.001) and MA
(p = 0.002). MA performed worse than Y (p = 0.032).

A main effect of gender has been detected for score (F
1883 = 18.141; p < 0.001), execution time (F | gg3 = 5.011;
p = 0.025), perseverations (F ; gg3 = 9.231; p = 0.002), rule
breaks (F | gg3 = 6.665; p = 0.010) and self-monitoring (F
1883 = 5.418; p = 0.020). Females showed lower score and
slower execution time than males, made more perseverations
and rule breaks and obtained lower self-monitoring scores.

We also found an age by gender interaction on planning (F
5883 = 2.836; p = 0.015) and execution times (F 5 gg3 = 5.921;
p < 0.001). Post hoc comparisons showed that males and
females differed on planning time in Y (p = 0.019) and YA
(p = 0.020) groups, with females being slower than males in Y
but faster than males in YA. The same pattern of results was
observed in execution time, with Y females being slower than

Gender Age Education Score Planning time  Execution time  Perseveration Rule breaks  Self-monitoring
Gender ro1 —.043 .044 .146 .023 —-.085 -.100 -.074 .071
p .198 191 .000 .486 011 .003 .027 .034
Age r =043 1 =222 =352 -.020 229 115 266 -352
p 198 .000 .000 .545 .000 .001 .000 .000
Education r .044 =222 1 284 137 .055 —-.140 -234 .199
p 191 .000 .000 .000 .100 .000 .000 .000
Score r .146 -.352 284 1 285 153 —.463 -409 .624
p .000 .000 .000 .000 .000 .000 .000 .000
Planning time r .023 —-.020 137 285 1 436 —-.167 -.187 115
p .486 .545 .000 .000 .000 .000 .000 .001
Execution time r —.085 229 .055 153 436 1 —.164 -.116 .099
p .011 .000 .100 .000 .000 .000 .000 .003
Perseverations r  —.100 115 —.140 -463 —.167 —.164 1 487 -.355
p .003 .001 .000 .000 .000 .000 .000 .000
Rule breaks r  —.074 266 —.234 -409 -.187 —.116 487 1 —.482
P .027 .000 .000 .000 .000 .000 .000 .000
Self-monitoring  r 071 -.352 .199 .624 115 .099 —-.355 -482 1
P .034 .000 .000 .000 .001 .003 .000 .000
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Table 3  Averaged performances (score), planning and execution times (seconds) and standard deviations (SD), for male and female participants in
each group. For each group, mean perseverations, rule breaks and self-monitoring have been reported as well

Group Education Gender N  Score Planning time ~ Execution time Perseverations Rule breaks Self-monitoring
Y Low (<8 years)® M 1 32 80 155 3 0 16
Medium (812 years) F 24 38.25(4.67) 147.63 (81.04) 132.08 (44.92) 0.75 (1.36) 1.21 (1.47) 15.29 (1.04)
M 33 41.55(3.51) 55.45(88.85) 47.3 (68.59) 0.61 (0.83) 1.85(1.87) 15.91(0.29)
Medium/high (13-17 years) F 47 39.15(4.37) 206.68 (150.73) 140.87 (31.79) 0.96 (1.22) 1.49 (1.41) 15.49 (0.66)
M 29 41.62 (3.13) 167 (96.28) 127.79 (57.4)  0.66 (0.94) 0.9 (1.05)  15.66 (0.72)
High (>17 years) F 14 40.07 (3.99) 212.64 (118.52) 122.5(27.35) 1.07 (1) 1.71 (1.73)  15.57 (0.65)
M 11 43.82 (3.22) 321.09(171.22) 160.45 (39.61) 0.27 (0.65) 0.64 (0.81) 15.64 (0.67)
YA Medium (8—12 years) F 13 37.69 (6.37) 195.85(122.87) 122.54 (40.88) 0.77 (1.69) 1.54 (1.27) 15.23 (1.09)
M 16 40.94 (2.74) 229.56 (114.3)  125.94 (26.94) 0.56 (1.09) 1.88 (1.54) 15.75 (0.45)
Medium/high (13-17 years) F 27 39.67 (4.45) 182.44 (124.81) 120.26 (27.88) 0.74 (0.98) 1.07 (1.57)  15.56 (0.75)
M 34 40.88(3.76) 211.38 (154.13) 142.88 (49.48) 0.56 (0.79) 1.12 (1.34)  15.44 (1.08)
High (>17 years) F 31 39.1(5.41) 194.52(165.14) 118.1 (27.48) 0.9 (1.04) 1.06 (1.31) 15.35(1.02)
M 25 42.8(3.58) 274.56 (134.8) 138.79 (44.26) 0.52 (0.96) 1.04 (1.49) 15.88 (0.33)
A Low (<8 years)® F 2 37.5(0.71) 171.5(41.72) 137.5 (64.35) 0.5 (0.71) 0 (0) 16 (0)
Medium (812 years) F 23 38(3.49) 154.65 (78.1) 121.87 (27.19) 0.78 (0.9) 1.7.(2.01)  15.26 (1.39)
M 15 40.8(3.9) 210.13 (148.52) 128.47 (17.89) 0.6 (1.24) 1.2(1.47) 15.33(0.9)
Medium/high (13-17 years) F 35 39.51(3.87) 231.14(203.84) 146.26 (47.03) 0.57 (0.81) 1.14(1.4)  15.54(0.78)
M 25 39.88(3.79) 179.28 (91.2) 127.88 (33.31) 0.68 (0.99) 0.76 (0.83) 15.44 (0.96)
High (>17 years) F 11 39.18 (4.94) 178.73 (69.52) 128.45(29.15) 1(1) 0.82(1.17) 15.45(1.04)
M 13 40.15(6.38) 121.62 (53.62) 119.62 (28.7) 1.23(1.24) 0.69 (0.75) 15.38 (0.77)
MA  Low (<8 years)® F 1 37 93 145 2 3 14
M 1 42 189 90 0 2 16
Medium (8-12 years) F 43 36.37 (5.77) 162.28 (87.27) 138.66 (54.76) 1.14 (1.66) 2.05(2.28) 14.93 (1.42)
M 24 37.04(5.3) 186.04 (124.43) 132.88(33.19) 1.21(0.98) 1.92(1.5) 14.5(1.64)
Medium/high (13-17 years) F 45 38.67 (4.36) 160.29 (114.12) 133.67 (33.94) 0.93 (1.32) 1.58 (1.71) 15.2(1.25)
M 34 40.41(3.02) 210.82(127.58) 138.18(39.5)  0.29 (0.58) 1.53(1.6)  15.56 (0.82)
High (>17 years) F 33 40.45 (4.04) 184.82 (97.3) 150.74 (64.99) 0.52 (0.83) 1.06 (1.32) 15.42 (0.97)
M 26 40.65(3.68) 164.19 (109.93) 129.46 (35.7) 0.23(0.51) 1(1.57) 15.27 (1.25)
¢} Low (<8 years) F 38.29 (3.86) 253.71 (131.56) 155.43 (54.93) 0.43 (0.79) 0.71 (1.5)  15.71 (0.49)
M 36 (2.24) 171.4 (49.96) 141.6 (39.77) 1.2(1.3) 2.6(2.3) 15 (1.22)
Medium (812 years) F 43 3437 (6.01) 119.28 (70.15) 131.74 (36.59) 1.3 (1.39) 2.98(3.08) 13.79 (2.6)
M 29 34.34(7.54) 150.76 (76.88) 120.1 (34.49) 1.31(2.04) 2.03 (2.46) 13.9(2.5)
Medium/high (13-17 years) F 26 37.96 (5.09) 169.96 (67.59) 144.12 (36.76) 0.62 (0.94) 1.77(2.3)  14.92 (1.26)
M 27 37.78 (5.94) 160.67 (67.81) 130.87 (31.94) 0.78 (0.75) 2.07 (1.75) 14.78 (1.58)
High (>17 years) F 14 4021 (3.7) 181 (147.95) 138.5(26.51)  0.36 (0.63) 1.5(1.51) 1514 (1.7)
M 17 39.94 (2.73) 242.12 (182.71) 148.53(29.97) 0.35(0.61) 1.24 (1.82) 15.29 (1.16)
TO Low (<8 years) F 17 36.65(4.06) 202.82 (108.02) 178.35(71.47) 1.59 (2.09) 3.65(3.57) 14.82 (1.85)
M 6 39.17 (3.43) 159.33 (43.88) 148.67(29.86) 0.33 (0.52) 2.5(1.64) 14.83 (1.47)
Medium (812 years) F 26 29.23(8.5) 170.81 (215.47) 147.04 (60.27) 1.92 (3.07) 523 (4.83) 12.5(3.14)
M 21 32.71(7) 189 (193.97) 160.43 (72.92) 0.95 (1.16) 3(3.89) 14.05 (1.63)
Medium/high (13-17 years) F 8 34.5(697) 161.88(56.61) 156 (37.26) 1.13 (1.36) 3.13(2.7) 13.38(2.92)
M 8 32.25(8.15) 198 (105.97) 147.88 (47.86) 1 (1.41) 3.88(3.56) 13.75(1.98)
High (>17 years)* F 1 42 231 141 2 2 16
M 5 382(3.11) 198.6 (56.36) 209 (43.16) 1(1.22) 0.8(0.84) 15.8(0.45)

#Not applicable due to the limited number of participants

@ Springer



1268

Neurol Sci (2017) 38:1263-1270

Table 4  Percentiles on the ToL

Y YA A MA o TO
F M F M F M F M F M F M
Low (<8 years) 5th a 32.00 ? ? 37.00 2 37.00 42.00 34.00 33.00 30.00 35.00
10th 32.00 37.00 37.00 42.00 34.00 33.00 30.80 35.00
25th 32.00 37.00 37.00 42.00 34.00 34.00 33.00 35.75
50th 32.00 37.50 37.00 42.00 37.00 36.00 36.00 39.00
75th 32.00 37.00 42.00 42.00 38.00 40.00 43.00
90th 32.00 37.00 42.00 42.40
95th 32.00 37.00 42.00
Medium (812 years) 5th 2775 3540 2400 3600 31.40 3400 2560 2450 2380 19.00 14.00 15.70
10th  31.50 36.80 2640 3740 3340 3580 2940 2950 27.00 21.00 1470 22.60
25th 3500 39.00 34.00 40.00 3500 37.00 33.00 34.00 31.00 29.50 23.75 27.00
50th  39.00 41.00 41.00 4000 3800 41.00 3800 3800 3500 36.00 29.00 35.00
75th  42.00 4400 4250 4200 41.00 4500 40.00 41.75 39.00 40.00 36.00 38.00
90th  44.00 46.00 4480 4560 4260 4600 42.00 4250 4220 43.00 40.60 41.00
95th 4475  47.30 43.80 43.80 4375 4400 4400 4395 42280
Medium/high (13-17 years) ~ 5Sth 31.40 36.00 3000 3375 3280 3130 3030 3500 2635 19.00 23.00 20.00
10th  33.60 38.00 3240 3450 33.00 32.60 32.00 36.00 2840 3140 23.00 20.00
25th  36.00 3950 37.00 3875 37.00 38.00 36.00 38.00 36.00 37.00 2825 24.25
50th  39.00 42.00 40.00 41.00 41.00 40.00 39.00 41.00 40.00 39.00 36.50 32.50
75th  43.00 4450 43.00 4425 42.00 43.00 42.00 43.00 41.25 40.00 41.00 38.00
90th  45.00 46.00 4520 46.00 44.00 4440 44.00 44.50 43.00 43.20
95th 4560 47.00 46.60 46.00 4540 4500 44.70 45.00 44.95 44.60
High (>17 years) 5th 33.00 38.00 28.60 3500 31.00 2500 33.00 3435 32.00 3500 42.00 35.00
10th 3450 3820 3220 3620 3140 2740 33.00 3570 34.00 35.80 42.00 35.00
25th  36.00 41.00 36.00 4050 3500 3800 38.00 37.75 3850 3850 42.00 35.50
50th  40.50 45.00 39.00 4400 3900 4200 41.00 40.50 40.00 40.00 42.00 38.00
75th 4350 46.00 44.00 4550 44.00 45.00 44.50 43.25 4325 42.00 42.00 41.00
90th  45.00 47.60 46.80 4640 4560 47.00 4500 46.00 4550 43.40 42.00
95th 47.40  47.70 45.60  46.65 42.00

Performances below the lowest percentile (i.e. Sth percentile) may be considered as equivalent score = 0 (i.e. they fall below the 95% of the distribution).
Performances above the 50th percentile correspond to equivalent score = 4. Intermediate scores (i.e. those ranging between 5th and 50th percentiles)

correspond to 3 intermediates levels (i.e. equivalent scores 1, 2, 3) [28, 29]

#Not applicable due to the limited number of participants

Y males (p < 0.001) and YA females being faster than YA
males (p = 0.012).

Education has been found to affect scores (F | gg3 =36.198;
p < 0.001) planning time (F ; gg3 = 13.279; p < 0.001), exe-
cution time (F | gg3 = 12.086; p = 0.001), perseverations (F
1.883 = 8.272; p = 0.004), rule breaks (F ; gg3 = 17.037;
p < 0.001) and self-monitoring (F | gg3 = 9.492; p = 0.002)
(see Table 2 for the direction of the effects).

Discussion

Here, we provide the standardization on an Italian sample of a
modified version of ToL, obtained by adding four items to
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original test by Shallice [1]. It is worth to note that even if
several versions of the ToL have been used for clinical prac-
tice, there is no previous Italian standardization. Thus, the
present study provides the first Italian standardization of the
ToL, with several useful indexes, such as the perseveration
score, rule break, self-monitoring, the execution and the plan-
ning time, which are often reported in experimental studies as
characterizing pathological performances.

Overall, group comparisons (MANOVA) support the
group sampling we provided here. Actually, we found that
participants of different gender and age performed differently.
In particular, present results enlighten the presence of signifi-
cant correlations among several of the ToL indexes and the
demographic variables age, gender and education. Thus, as we
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reported in the result section and is evident by a perusal of
Table 3, the same score in a certain index should be considered
normal or pathological according to the individual age, gender
and education. For this reason, we are providing normative
data (mean and standard deviation; Table 3), as well as per-
centiles (Table 4) of the performances subdivided according to
the demographic variables.

Concerning the age, we found that all the collected indexes,
with the exception of the planning time, correlated with the
age. Specifically, score was negatively correlated with age,
suggesting that there is a linear relation between increasing
age and worse performances on the ToL; indeed, the
MANOVA results suggest that score begins to decrease by
the age of 46 years (MA had worse scores than Y).
Furthermore, as age increased, execution time as well as per-
severations and rule breaks increased, while self-monitoring
decreases with age increasing. The age-related decreasing in
execution time and self-monitoring was observed by the age
of 26 years. Instead, rule breaks started to increase by the age
of 56 years.

We also found that females differed from males in score and
execution time. Noteworthy, Y females (age = 15-25 years)
were slower than Y males, but YA (age = 26-35 years) were
faster than YA males both in planning time and in execution
time, suggesting that by the age of 26, there is an overturning of
the gender differences in the speed of planning.

All the collected indexes, with the exception of the execu-
tion time, significantly correlated with education, suggesting
that it is pivotal to consider such information to compare in-
dividual raw scores with education-matched controls.

The influence of demographic variables on ToL perfor-
mances above discussed deserves some comments. On the
one hand, these data are in line with previous observations
about the individual differences due to age and gender in plan-
ning on the ToL [15, 20-23] and provide new important evi-
dence about the effect of the education. On the other hand,
they highlight the need in clinical assessment of comparing
performances of neuropsychological patients with those of a
group of individuals matched for all of these factors to have a
correct classification of patient performance and a more fine-
grained picture of his/her EF skills.

As reported in the introduction section, the ToL has been
widely applied in the studies of EF, especially in studies of
planning, visuospatial problem-solving, capability to adhere
to a set of rules and planning/execution times. Here, we pro-
vide the first Italian standardization which takes in account all
of these indexes also providing a new index, that is the self-
monitoring. Each index provides a picture of a specific EF
trait and may be affected by the individual, demographic dif-
ferences above described. The advantages of present standard-
ization are multiple. First of all, it provides up-to-date norma-
tive data about some indexes (i.e. score, execution time) in a
large sample of individuals. Secondly, it provides normative

data about indexes such as perseverations and rule breaks
which up until now have only been object of clinical.
Finally, the presence of multiple indexes may provide a deeper
classification and comprehension of the components of plan-
ning processing which may be selectively altered in neuropsy-
chological patients, and their quantifications will allow not
only to report the presence of a specific disorder (for example,
rule breaks) but also to evaluate its variability with time.

In conclusion, present data may be useful to assess EF in a
wide range of neuropsychological patients, whose neuropsy-
chological profile has been found to be linked to specific EF
deficit. In particular, they may be useful to compare rule
breaks of Alzheimer’s disease and mild cognitive impairment
patients [6—8] or patients with frontotemporal lobe dementia
[9]. They may be useful in the assessment of EF in brain-
damaged patients, especially those with lesion of the frontal
lobe or traumatic brain injury, who have been widely reported
to show EF deficits [4]. Self-monitoring index, it may be use-
ful to assess the anosognosia and metacognitive unawareness
which affect a wide range of clinical population [30] and are
correlated with executive function impairment [31], and it
could become a useful index to inform and monitor neuropsy-
chological rehabilitation.

Limitation

Several groups, such as the youngest groups with less than
8 years of education or the oldest groups with more than
17 years of education, have a limited number of participants,
even if this mirrors the actual distribution of education in
Italian population. Actually in the last decades due to the
educational policy, the lower level of education has been
raised from 5 to 8 to 10 years of schooling, and since high
school length is 5 years, many individuals go further the com-
pulsory education completing the high school. On the other
hand, the low number of participants with more than 17 years
of education among the oldest groups may be due to social
factors, such as the Second World War (during which many
teenagers were forced to interrupt schooling) and the follow-
ing economic boom of 1950s, including also opening of new
industries, which guided personal choices, promoting the job
increase instead of higher level of instruction preference.
However, the reduced number of individuals in these sub-
groups makes difficult to draw a definitive picture of the
ToL performances for very young individuals with low edu-
cation as well as for old individuals with high level of educa-
tion, suggesting some caution in clinical evaluation of their
performances on ToL.
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