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Abstract In this study, a series of tests exploring long-
term verbal memory (the Short Story Test), attention (a
modified version of Attentional Matrices and the Trail
Making Test) and frontal functions (a modified version of
the Frontal Assessment Battery) have been standardised
on an Italian population of 283 children aged 5-14. Raw
scores for each test have been adjusted for a series of vari-
ables (child’s age, years of parents’ education, handed-
ness, gender) and transformed in equivalent scores
enabling direct comparison across measures. This study
was promoted by LICE (the Italian League Against
Epilepsy) in order to provide Italian instruments standard-
ised on the developmental age population and to study
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some of the most frequently impaired cognitive functions
in epilepsy.
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Introduction

The aim of the present study is to provide an Italian stan-
dardisation of cognitive tests assessing long-term episodic
verbal memory (two new parallel versions of the Short
Story Test), attention (a modified version of Attentional
Matrices and the Trail Making Test) and frontal functions
(a modified version of the Frontal Assessment Battery) for
children. Until now, only a quite limited range of instru-
ments to assess these cognitive functions have been avail-
able with an Italian standardisation [1-5].

We have chosen tests available in the adult neuropsy-
chological literature, which are sensitive in assessing both
the cognitive functions under study and their modifications
in time. As they can be easily administered to children,
even those of a young age, demanding a reasonable
amount of time and effort on the part of the child, they
were deemed particularly useful in longitudinal studies
within a wider neuropsychological battery.

The LICE (Italian League Against Epilepsy)
Neuropsychology Study Group promoted this investiga-
tion specifically focused on cognitive functions such as
memory and attention that are frequently impaired in tem-
poral and frontal epilepsy.

Frontal and temporal lobe maturation has often been
analysed in normal children by applying models and tests
derived from the study of adults. Evidence from healthy
children has shown that the structural and physiological
changes occurring during frontal lobe development coin-
cide with increasing efficiency in information processing
and activity modulation [6]. A sequential development of
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skills has been hypothesised, with simple planning and
visual search mastered by the age of 6, hypothesis testing
and impulsive responding control achieved not before age
10, while motor sequencing and complex planning contin-
ue to develop beyond 12 [7]. On the other hand, the role of
hippocampal and parahippocampal regions is progressive-
ly clearer: these structures are reciprocally interconnected
with the cerebral neo-cortex, and seem to be involved in
the organisation of long-term declarative memory, as
demonstrated by numerous investigations [8—10]. While
the anatomical and functional development of the frontal
cortex progresses with time, it seems that the architecture
of hippocampal and parahippocampal structures is estab-
lished in the first period of life: an early lesion of these
structures could not be compensated for by the establish-
ment of alternative pathways and the degree of impairment
seems to be age-related [11].

Children with epilepsy, depending on the localisation of
the epileptogenic zone, often show cognitive deficits, or
below-average performance, especially in episodic long-
term memory or in attentional tasks [12—19]. For this reason,
we decided to elaborate and standardise a revisited battery of
tests, in order to offer additional measures for the assessment
of long-term verbal memory, attention and frontal functions.

Materials and methods
Sample

Two hundred and eighty-three children, 148 girls and 135 boys,
aged 5-14 years, were recruited. Their clinical history was nega-
tive for neurological disorders and learning disabilities. Children
were randomly selected from the entire population of three
schools located in three Italian towns (Milan, Pavia and Livorno).
The sample included nine educational levels, from the first year
of primary school to the last year of secondary school. In the
first-year student group, a sub-categorisation was applied, with
17 subjects being tested in the early months of the school year, 13
halfway along the year, and 20 at the end of the year, in order to
be able to take into account the possible effects of teaching. The
sample sizes of the other education levels (from 2 to 8§, i.e., from
second year of primary school to third year of secondary school)
were n=32, 35, 38, 35, 35, 34 and 24 respectively (see Table 1).

A handedness index for each subject was established on the
basis of which 257 children were classified as right-handed and 26
as left-handed. Parents’ education ranged from 5 to 17 years of for-
mal schooling (father’s age: range 26—62; mean 42; SD 5.25;
father’s years of education: mean 12.58; SD 3.38; mother’s age:
25-53; mean 39.49; SD 4.57; mother’s years of education: mean
12.56; SD 3).

Parents and school teaching staff gave their informed consent
for the children to participate in the study.

In order to estimate the test—retest reliability indices, a subset
of the sample was re-administered again one week later with all
the tests, including the parallel version of the Short Story Test
(Session 1 vs. Session 2).

Table 1 Descriptive statistics — stratification of the sample according to child’s education
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reported. Trail Making Test: time values (s) are reported for the three parts, A, A/B and B. *Most children could not perform the task. FAB: overall score (max. 9). Statistics: M, mean;

Data from Session I are reported. Short story: N of recalled elements (out of 34). Artentional Matrices: the number of crossed targets (N; max. 60) and time (s) to complete the test are
SD, standard deviation; Med, median; Q, semi-interquartile range. Non-parametric descriptive statistics (Median and Q) are reported for raw scores that are not normally distributed
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Neuropsychological assessment

The overall testing time was about 20 min. The Short Story Test
was administered first; selective attention abilities and frontal
functions were assessed during the 15-min interval between the
immediate and the delayed recalls of the Short Story Test.

Short Story Test

In order to limit verbal material learning effects from the 1st to the
2nd session, two different stories (1 and 2, see Appendix) were
constructed. Eighty-five children recalled Story 1 on the first ses-
sion and Story 2 on the second one; the order was reversed for the
other 72 children. At variance with the standard procedure of
administration of the Story Recall Test [20], we decided to intro-
duce a second immediate recall. Thus, in each session, the exam-
iner read the Short Story aloud, asked for immediate recall, read
the Story aloud again, requesting immediate recall, administered
other tests for 15 min, and finally asked for the delayed recall. We
suggest in clinical practice to administer the attentional and exec-
utive tasks of this battery before the delayed recall to control for
the effects of other forms of interferences.

Scoring. Each Story consisted of 34 morphological units.

The scoring criteria were the following:

— nouns were considered correctly recalled when their root was
kept, irrespective of the flexion (e.g., green instead of greenish);

— synonyms were accepted as correct recalls (e.g. cat/kitten).
The average of the number of correctly recalled morphologi-

cal units over 3 recall trials was the final score (total maximum

score: 34).

Attentional Matrices

Three matrices of numbers were administered with the instruc-
tion to cross out as fast as possible target numbers of either one,
two or three digits. The purpose of this test was to assess the sub-
jects’ ability to detect visual targets among distractors. The mate-
rial used in this study was the same as that in Spinnler and
Tognoni’s study [21], but instructions were adapted for children
and the task had no time limit. The overall number of targets that
were crossed out divided by the number of seconds across the
three matrices was the final score.

Trail Making Test (TMT)

This test explores different cognitive components, in particular
attentional skills, visuo-motor planning, sustained attention and
working memory. Subjects were presented with an A4 sheet with
circles containing a number and requested to link, as fast as pos-
sible, all the circles, following their ascending numerical order.
There are two TMT forms available [22]: the TMT A with only
numbers (from 1 to 25), and the TMT B with alternating numbers
and letters (from 1, A; 2, B; ... to 13). We also introduced a new
form ‘A/B’, to be administered between forms A and B, with only
letters as stimuli (from A to Z). The instructions for this form
were to link the letters in alphabetical order. This test was aimed
at ensuring that children, especially the younger ones, had the
alphabetical knowledge required to solve part B.

Frontal Assessment Battery (FAB)
To investigate mental flexibility, motor planning and executive
control, we selected three out of six subtests from the FAB [23].
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Motor planning and executive action control were explored
by means of Luria’s motor tasks. In the ‘contrast’ task, exploring
the ability to prevent interference effects, subjects had to perform
an action opposite to that performed by the examiner, refraining
from the tendency to imitate the examiner’s action. Inhibition of
control was evaluated by a ‘Go-No-Go’ task.

Scores ranged from 0 (no correct responses) to 3 (all correct
responses) for each subtest. The overall score was the sum of the
three subtest scores (range: 0-9).

Statistical methods

Data analysis

Data were analysed by means of a general linear model (GLM)
whenever the assumptions of normality and homoscedasticity
were met. Raw data from the Short Story Test were normally and
homoscedastically distributed, and those from the Attentional
Matrices and Trail Making Subtests after logarithmic transforma-
tions (see Results for further details). Independent variables of
the GLM were Age of Child, Age of Mother, Age of Father, Years
of Education of the Child’s Mother, Years of Education of the
Child’s Father, Gender (male vs. female) and Handedness (left-
vs. right-hander). In the Short Story analysis one further variable
was Story Form (Story 1 vs. Story 2).

The FAB data showed an irreducible ceiling effect so no
transformation could normalise the distribution. Hence non-para-
metrics (Spearman’s r) were applied to this data set.

Reliability indices were computed by means of Pearson’s cor-
relation between the adjusted scores when normality was satis-
fied (Short Story, Attentional Matrices, Trail Making);
Spearman’s r was used otherwise (FAB).

Diagnosis

For all the tests that allowed the application of a GLM (normali-
ty and homoscedasticity satisfied), adjustment tables were com-
puted on grounds of a linear model including only the predictors
yielding a significant effect in the GLM itself.

Adjusted scores were provided together with the rules for
conversion to equivalent scores [24]. Equivalent scores range
from O to 4, with children obtaining a score of 0 being diagnosed
with a clear pathology, 1 borderline, 2 and 3 low—normal, and 4
superior (4 corresponds to scores above the mean of the standard-
isation sample). Equivalent scores correspond to specific z points;
thus O corresponds to scores below z=—1.86 (3.1% of the stan-
dardisation sample); 1 to scores between z=—1.86 and z=-1.24
(7.6%); 2 to scores between —1.24 and —-0.62 (16%); 3 to scores
between —0.62 and 0 (23.2%); and 4 to scores above z=0 (50%).

Another diagnostic system was also provided, whenever
adjustment procedures could be applied, according to the logic of
“non-parametric tolerance limits” [25]. This system takes into
account that the usual cut-offs for pathology, e.g., the 5th per-
centile, are estimates from a sample, and not the true values that
would be obtained from the (infinite) population; thus, there is
some uncertainty as to the real position of the cut-off. The “outer
tolerance limit (OTL)” is a cut-off farther away from the mean
than the usual one; the OTL guarantees (with 95% probability)
that no more than 5% of the reference population score actually
below it. The “inner tolerance limit (ITL)” is another cut-off,
closer to the mean, that guarantees (again with 95% probability)
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that no less than 5% of the reference population score below it.
Therefore, a diagnosis of pathology is rather safe if the score is
below the OTL, and a diagnosis of normality is also rather safe if
the score is above the ITL. Uncertainty remains for individuals
scoring in between. Quite naturally, three diagnostic categories
follow: pathological (below OTL), “borderline” or “uncertain”
(between OTL and ITL) and normal (above ITL). Clearly, for
tests in which pathological scores are higher (not lower) than the
mean (e.g., Trail Making Test), the OTL is above, not below, the
ITL. Non-parametric tolerance limits were applied because
adjusted scores were used to derive them [25]. Both outer and
inner tolerance limits referred to the estimation of the Sth per-
centile and had a confidence level of 95%.

Results

Table 1 reports subjects’ characteristics and descriptive
statistics of the main raw test scores.

Short Story Test

The score distribution did not show ceiling or floor effects.
Furthermore, the distribution was unimodal and symmetri-
cal, thus allowing for standard parametrical statistical
analyses. This regularity was confirmed after the applica-
tion of the GLM: residuals distributed very closely to a
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Gaussian (skewness=0.064, SE=0.147; kurtosis=0.126,
SE=0.294).

Variables inducing significant effects (GLM)

Overall scores obtained on the first session were consid-

ered as the reference distribution.

Variables that significantly influenced the subjects’
scores were:

1. Age of child. Older children showed better memory abil-
ities (F(1, 268)=43.576, p<0.001). The average perfor-
mance increased by 0.77 elements per year of age.

2. Years of education of the child’s mother. The child’s
memory performance increased by 0.28 elements/mor-
phological units per year of mother’s education (F(1,
268)=5.918, p=0.016).

3. Years of education of the child’s father. The child’s
memory performance increased by 0.33 units per year
of father’s education (F(1,268)=10.094, p=0.002).

4. Story form. Story 1 was easier to recall than Story 2
(F(1,268)=36.716, p<0.001). The advantage was of
about 3 units, with an average of 21.5 recalled from
Story 1, and 18.5 recalled from Story 2.

Adjustment tables

Table 2 reports the adjustment values and the equivalent
scores. The adjustment values have to be added to the
child’s raw ‘overall’ score as a function of age, father’s
education, mother’s education and form of the Short Story
Test (1 or 2) (Table 2).

Table 2 Adjustment values, equivalent scores and non-parametric tolerance limits for the Short Story Test; to be applied on the raw ‘over-

all’ score
Fye Mye Child’s age (years)

5 6 7 8 9 10 11 12 13 14
5 5 -10.19 -10.95 -11.72 -12.49 -13.26 -14.03 -14.79 -15.56 -16.33 -17.1
5 8 -11.04 -11.81 -12.58 -13.34 -14.11 -14.88 -15.65 -16.42 -17.18 -17.95
5 13 -12.47 -1323 -14 -14.77 -15.54 -16.31 -17.07 -17.84 -18.61 -19.38
5 17 -13.61 -1437  -15.14 -15.91 -16.68 —-17.45 -18.21 -18.98 -19.75 -20.52
8 5 -11.19 -11.96  -12.73 -13.49 -14.26 -15.03 -15.8 -16.57 -17.33 -18.1
8 8 -12.05 -12.81 -13.58 -14.35 -15.12 -15.89 -16.65 -17.42 -18.19 -18.96
8 13 -13.47 -1424  -15.01 -15.77 -16.54 -17.31 —-18.08 -18.85 -19.61 -20.38
8 17 -14.61 -1538  -16.15 -16.91 -17.68 -18.45 -19.22 -19.99 —20.75 -21.52
13 5 -12.87 -13.63 -144 -15.17 -15.94 -16.71 -17.47 -18.24 -19.01 -19.78
13 8 -13.72 -1449  -15.26 -16.02 -16.79 -17.56 -18.33 -19.1 -19.86 -20.63
13 13 -15.15 -15.91 -16.68 -17.45 -18.22 -18.99 -19.75 -20.52 -21.29 -22.06
13 17 -16.29 -17.05  -17.82 -18.59 -19.36 —20.13 —20.89 -21.66 —22.43 -23.2
17 5 -14.21 -1497 -15.74 -16.51 -17.28 -18.05 —-18.81 -19.58 -20.35 -21.12
17 8 -15.06 -15.83  -16.6 -17.36 -18.13 -18.9 -19.67 -20.44 -21.2 -21.97
17 13 -16.49 -17.25  -18.02 -18.79 -19.56 -20.33 -21.09 -21.86 -22.63 -23.4
17 17 -17.63 -18.39  -19.16 -19.93 -20.7 —21.47 -22.23 -23 -23.77 —24.54

Fye, father’s years of education; Mye, mother’s years of education
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Adjusted score Equivalent score

Below -8.42

From -8.42 to -5.62
From -5.62 to -2.81
From -2.81to 0
Above 0

A~ WO = O

Non-parametric tolerance limits for the 5th percentile (level of con-
fidence: 95%)

Adjusted score Diagnosis
Below -8.95 (OTL) Pathological
From -8.95 (OTL) to —6.93 (ITL) Uncertain
Above —6.93 (ITL) Normal

IMPORTANT: If Story 1 was administered, beyond applying the
adjustment parameters of Table 2, subtract another 3.337 points.
For instance, the Adjusted score of a 9-year-old child who was
administered Story 1, whose father has 5 years of education, whose
mother has 8 years of education, and who obtained a raw score of
10, is 10-14.11-3.337=-7.447 (Equivalent score 1)

Reliability

A test—retest reliability index was computed by obtaining
Pearson’s linear correlation coefficient between the
(adjusted) scores on the first and second session (n=154).
The obtained estimate was r=0.676.

Attentional Matrices

While adults generally perform the Attentional Matrices
with high accuracy (about 100% targets detected) and vary
only in the time employed to complete the search task,
children can show considerable variability in accuracy.
Therefore, we introduced a measure which takes into
account both time and accuracy.

This measure is the average frequency of detection
(number of targets per second), i.e., the overall number of
detected targets (V) divided by overall time in seconds (7).
One of the advantages of this measure is that it does not
show ceiling or floor effects. It also allows for parametric
statistics and simple linear model analyses after a loga-
rithmic transformation. The final score was thus the natur-
al logarithm of the average frequency: In(N/t).

The suitability of the GLM model was confirmed by the
analysis of the distribution of the GLM residuals, which was
very close to Gaussian (skewness=0.139, kurtosis=-0.29).

Variables inducing significant effects (GLM)

Variables that significantly influenced the subjects’ M
scores were: age of child (F(1,280)=559.982, p<0.001)
and gender (F(1,280)=9.838, p=0.002).
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Adjustment table

Because of the logarithmic transformation, the adjustment
of scores cannot be made directly. Table 3 shows the
equivalent scores as a function of frequency scores (N/f),
age and gender of the child to be assessed. To use the table,
one has to select the row reporting gender and age of the
assessed child (male: first 10 rows; female: last 10 rows).
In each row, the ranges of N/t scores corresponding to
equivalent scores are reported.

For example, a 9-year-old girl who detected 49 targets
in 162 seconds has a N/t=49/162=0.302. By scanning the
row (F, 9), 0.302 is found in the range 0.29-0.33, which
corresponds to an equivalent score of 2 and to a “normali-
ty” diagnosis according to the Tolerance Limits criterion
(Table 3).

Reliability

The test—retest reliability index, computed on 157 subjects
was r=0.825. Performance neither improved nor worsened
at retest.

Trail Making Test (TMT)

It was quite evident that some conditions of this test are
not adequate for children, particularly for those who have
not yet acquired enough numerical and alphabetical
knowledge to perform the task. For instance, children at
the beginning of the 1st school year could not successful-
ly complete TMT part A; some children who were tested in
the middle of their Ist primary school year were not able
to complete TMT part A/B; TMT part B was successfully
performed only by children of the 3rd primary school year
or older.

Therefore, TMT part A is suitable for children who
have already attended the first half of the 1st school year;
TMT part A/B for subjects who have already finished the
Ist school year; TMT part B for children who have fin-
ished the 2nd school year. Subjects who did not meet
these criteria were excluded from further statistical
analyses.

TMT part A

We used the measure T=In(sec/100), i.e., the natural loga-
rithm of the overall time, in seconds, divided by 100. This
measure allowed us to use parametric statistics because it
stabilised the score variance across different levels of per-
formance. The distribution of residuals was very close to
Gaussian (kurtosis=0.458, skewness=-0.026).

Overall time varied from 15 to 215 s in the sample. The
statistical analysis showed a significant learning effect,
i.e., a significant improvement from session 1 (53 s on
average) to session 2 (43 s) (F(1,128)=36.04, p<0.001).
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Table 3 Attentional Matrices. Ranges of N/ values corresponding to different equivalent scores (0—4) and to different diagnoses accord-

ing to the non-parametric tolerance limits criteria

Equivalent scores

Non-parametric tolerance limits

0 1 2 3 4 Pathological Uncertain Normal
Gender Age Below From To From To From To Above Below From-to Above
M 5 0.13 0.13  0.15 0.15 0.18 0.18 0.21 0.21 0.13 0.13-0.14 0.14
6 0.15 0.15 0.18 0.18 0.20 020 0.23 0.23 0.15 0.15-0.16 0.16
7 0.17 0.17 020 020 0.23 023 0.27 0.27 0.17 0.17-0.19 0.19
8 0.20 020 0.23 023  0.26 026 0.31 0.31 0.19 0.19-0.21 0.21
9 0.23 023 0.26 026 0.30 030 035 0.35 0.22 0.22-0.24 0.24
10 0.26 026 030 0.30 0.35 035 040 0.40 0.25 0.25-0.28 0.28
11 0.30 030 0.34 0.34  0.39 0.39 046 0.46 0.29 0.29-0.32 0.32
12 0.34 0.34 0.39 039 045 045 0.52 0.52 0.33 0.33-0.36 0.36
13 0.39 039 045 045 052 052  0.59 0.59 0.38 0.38-0.42 0.42
14 0.44 0.44 051 051  0.59 0.59 0.68 0.68 0.43 0.43-0.48 0.48
F 5 0.15 0.15 0.17 0.17 0.19 0.19 022 0.22 0.14 0.14-0.16 0.16
6 0.17 0.17 0.19 0.19 022 022 026 0.26 0.16 0.16-0.18 0.18
7 0.19 0.19 0.22 022 0.25 025 0.29 0.29 0.19 0.19-0.20 0.20
8 0.22 022 025 025 0.29 029 0.33 0.33 0.21 0.21-0.23 0.23
9 0.25 025 0.29 029 0.33 0.33  0.38 0.38 0.24 0.24-0.27 0.27
10 0.28 0.28 033 033 0.38 038 043 0.43 0.28 0.28-0.30 0.30
11 0.32 032 0.37 0.37 043 043 050 0.50 0.32 0.32-0.35 0.35
12 0.37 037 043 043 049 049 0.57 0.57 0.36 0.36-0.40 0.40
13 0.42 0.42 049 049 0.56 056  0.65 0.65 0.41 0.41-0.45 0.45
14 0.48 0.48 0.56 0.56 0.64 0.64 0.74 0.74 0.47 0.47-0.52 0.52

Variables inducing significant effects (GLM)

Child’s age (F(1,254)=263.573, p<0.001). The older, the
faster. This advantage was 2 s per year for fast subjects
(overall time around 18 s) and 30 s per year for slow sub-
jects (overall time around 220 s).

Father’s education (F(1,254)=5.917, p=0.016). The
higher the fathers’ education, the better the children’s per-
formance. The difference between a child whose father
graduated from university (education=17 years) and a
child whose father completed primary school (education=5
years) ranged between 2 s (very fast children) and 30 s
(very slow children).

Adjustment table
These two variables were used to obtain equivalent scores.

Due to the logarithmic transformation, the computation of
adjusted scores would be quite complex from a mathemat-
ical viewpoint. Table 4 indicates the equivalent scores as a
function of demographic characteristics and overall time to
perform the task.

For example, in the case of an 11-year-old boy whose
father completed primary school education (5 years) and
who took 74 s to complete TMT part A, it is necessary to
find the row matching the child’s age and father’s educa-
tion and then intersect the column showing the range of
values where the child’s overall time falls. In this case, the

range 64.6—78.6 corresponds to an equivalent score of 1.
As for the Tolerance Limits criterion, an “uncertain”, or
borderline diagnosis will hold (Table 4).

Reliability
The estimated correlation coefficient was r=0.772,
obtained on 140 subjects.

TMT part A/B

The residuals’ distribution was satisfactorily close to
Gaussian (skewness=-0.593, kurtosis=1.264). We found a
learning effect between test and retest (F(1,122)=29.427,
p<0.001).

Variables inducing significant effects (GLM)

The same variables affecting scores in TMT part A, i.e.,
age and father’s education, significantly influenced the
scores in TMT part A/B too.

Adjustment table
Table 5 shows equivalent scores obtained with the same

procedure as in TMT part A.

Reliability
The estimated correlation coefficient was r=0.685,
obtained on 134 subjects.
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TMT part B
The residuals’ distribution was very close to Gaussian
(skewness=-0.112; kurtosis=0.128). TMT part B seems to
involve different cognitive processes from those involved
in TMT parts A and A/B. Pearson’s correlation between
TMT part A and part A/B was high (about 0.7); the corre-
lations between A and B on the one hand, and between A/B
and B on the other, were much smaller (about 0.4).

Pearson’s correlation coefficients between TMT parts
A, A/B and B were the following: A/B vs. A=0.699
(n=263), B vs. A=0.421 (n=190) and B vs. A/B=0.419
(n=190).

By analysing TMT part B data, a clear learning effect
was found between test and retest (F(1,95)=25.708,
p<0.001): subjects became about 9 s faster in session 2.

Variables inducing significant effects (GLM)

The GLM analysis on the first session data showed effects
of age (F(1,188)=23.205, p<.001), mother’s education
(F(1,188)=5.84, p=0.017), gender (F(1,188)=3.991,
p=0.047), the interaction gender with handedness
(F(1,188)=8.955, p=0.003) and the interaction gender with
handedness with age (F(3,188)=3.84, p=0.011).

Adjustment tables

For the purpose of score adjustment, all variables produc-
ing significant effects and complex interactions were taken
into account. Table 6a reports data on children aged 8-10
years, who showed also a handedness effect (interacting
with gender). Table 6b reports data on children aged
11-14, who did not show the above interaction.

Reliability
The TMT part B reliability index was lower than that of
parts A and A/B: r=0.613, estimated on 107 subjects.

FAB

The overall scores obtained from the three selected sub-
tests (range: 0-9) were distributed in a strongly asymmet-
rical way (skewness=-1.874; kurtosis=4.619) due to a clear
ceiling effect. Therefore, no adjustment procedure could
be applied and non-parametric statistics were used.

There was a small (0.31 points on average) but significant
learning effect (Wilcoxon: z=3.498, p<0.001).

Variable inducing significant effects
The only significant effect was the child’s age (Spearman’s
r=0.377, p<0.001), calculated on 283 children.

Adjustment table

Although the FAB score distribution is not Gaussian,
equivalent scores having similar meaning as the ‘classical’
ones [21] could be obtained. Thus, for a given FAB score,
the percentage of subjects of the normative sample who
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obtained lower scores was taken, and the equivalent score
corresponding to that percentage was assigned to that par-
ticular case. Table 7 reports equivalent scores as a function
of raw FAB scores and child’s age.

Reliability
The non-parametric correlation coefficient was not very
high: Spearman’s r=0.389, obtained from 157 subjects.

Discussion

In this study tests assessing long-term episodic verbal
memory (the Short Story Test), attention (Attentional
Matrices, the Trail Making Test A, A/B and B) and frontal
functions (FAB) have been standardised on an Italian sam-
ple of 283 normally developing subjects aged 5—-14.

In the Short Story Test the verbal content seems to be
consolidated in the long-term memory store by the second
recall. The administration of non-verbal tasks between this
recall and the third delayed recall does not seem to affect
the mnemonic trace of the verbal material. The number of
recalled elements increases progressively with age.

Considering the long-term verbal memory perfor-
mance, we observed that the recall pattern changes in the
sample of 6-8-year-olds, suggesting the involvement of
new cognitive strategies at this stage. Different theories on
the mnemonic strategies applied by children during devel-
opment have been elaborated so far: the first systematic
studies began around 1960 [26], with a renewed interest in
Piaget’s [27] and Bruner et al.’s investigations [28]. Flavell
et al. developed the learning theory concept applied to ver-
bal rehearsal as a function of age [29]. Further investiga-
tions pointed out the importance of grouping strategies in
memory functioning: some authors speculated that they
are active only starting from the age of 10-11 years [30,
31], while others found that grouping processes can be
applied earlier, even if children are not aware of them [32].
The awareness of adopting memory strategies represents a
relevant factor in the debate on the development of cogni-
tive processes; it can also explain some of the literature’s
different results [33]. We propose that the changes in the
recall pattern observed in our sub-sample of children aged
6-8 years might be ascribed to the development of new
strategies of control, selection and re-arrangement of
information, particularly required for structural contents,
which can be active also at this age [5, 34].

A significant performance variability (i.e., the global
number of correct targets) has been observed at the
Attentional Matrices, in contrast with what is noticed in
adults, who mainly vary in the task execution time.
Children’s performance at the Attentional Matrices proba-
bly depends on a lack of efficiency of the filter process,
which prevents the encoding of irrelevant information,
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Table 7 Equivalent scores as a function of FAB raw score and child’s age

FAB raw score Child’s age
6 7 8 9 10 11 12 13 14

04 0 0 0 0 0 0 0 0 0
5 1 0 0 0 0 0 0 0 0
6 2 1 0 0 0 0 0 0 0
7 2 2 2 0 1 0 0 0 0
8 4 4 2 2 2 1 1 2 1
9 4 4 3 4 3 3 3 3 2

allowing subjects to filter out potential distractors [35].
Attentional tasks also involve a shifting component, which
is a typical executive function monitored by the prefrontal
cortex, although the performance improvement at this task
may also be due to a higher visual searching ability relat-
ed to the progressive development of the Frontal Eye
Fields [36].

Regarding the Trail Making Test, we believe that parts
A, A/B and B involve different cognitive systems. TMT
part A and part A/B, in fact, involve the visual search and
the activation of automatic series knowledge, with a mini-
mal load on working memory (i.e., just the number/letter
to be found next need be kept in the short-term memory
store). TMT part B, on the contrary, requires the genera-
tion of a complex sequence (far from automatic in chil-
dren) from the letter and number series, thus producing a
massively high processing load on working memory and
executive functions. Therefore, TMT part B involves a
working memory component to a greater extent than parts
A and A/B, the latter ones reflecting only the characteris-
tics of visual search and general attentional systems.

A stepwise performance progression has been observed
at the FAB, in particular in 7- and 8-year-old children, as
after this stage children tend to reach 100% correct perfor-
mance. This trend, showing that control processes gradual-
ly consolidate, seems to be related to the anatomical devel-
opment of the frontal cortex, which is known to occur in
this period [37].

We found that parents’ education significantly influ-
ences children’s performance on the Story Test and Trail
Making Test, but does not affect the FAB. We believe that
this result depends on the fact that the first two tests
involve verbal material. Thus, one may speculate that a
richer cultural environment plays an important role in
modulating children’s performance. On the contrary, pro-
cedural and motor components that are involved in the
FAB are not influenced by cultural effects.

It may be objected that our test/retest reliability index
seems lower than that usually reported in the literature.
However, the reliability index is generally calculated on the
raw scores. This procedure overestimates the correlation
index because it does not take into account spurious correla-

tion due to concomitant variables. In our analysis, the index
has been calculated on scores that have been adjusted for
those variables (age, father’s education, mother’s education),
thus reflecting the real test-retest correlation. Furthermore,
the correlation index for the Short Story Test has been calcu-
lated between two parallel forms. As a consequence, it is not
surprising that our reliability indices are lower than those
reported in the literature. Memory, attention and frontal func-
tions are frequently impaired in children with epilepsy
[38-43]. These cognitive dysfunctions have to be related to
the various risk factors associated with epilepsy, such as
type, duration, frequency of seizures, type of drug therapy,
transient and chronic electrophysiological activity, and the
possible anatomo-pathological correlates [44-51].

Amongst the several factors inducing learning impair-
ment in patients with epilepsy, the “temporal gate hypoth-
esis” [52] seems to provide a clear neurophysiopathologi-
cal substrate for the typical cognitive dysfunctions found
in children with epilepsy. The normal development of
frontal lobe functions requires intact temporo-limbic con-
nections and temporal lobe epilepsy in childhood may dis-
rupt temporo-limbic input to frontal lobes inducing, as a
consequence, an incomplete cortical maturation. This
anatomo-pathological correlate may also impair previous-
ly acquired skills.

The neuropsychological examination represents a piv-
otal approach in the assessment of children with epilepsy,
as it provides detailed information on the different devel-
opmental stages of specific cognitive domains.

Standardised tests assessing verbal memory, attention
and frontal functions may thus be useful to detect and
monitor cognitive impairments correlated with anatomical
and electrophysiological data, within a more comprehen-
sive assessment framework [53]. The strength of our study
was to provide clinicians both with new diagnostic tools,
as the short story parallel forms, and normative develop-
mental data on tests known to tap specific higher cognitive
functions in adults in a wide age range so far unavailable
for the Italian population. The use of such tests will be crit-
ical for clinicians and researchers who need to monitor the
effects of pharmacological and surgical treatments on
young patients with epilepsy.
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Sommario In questo studio ¢ stata standardizzata una bat-
teria di test per la valutazione della memoria verbale a
lungo termine (Breve Racconto), dell’attenzione (versione
modificata delle Matrici Attenzionali e del Trail Making
Test) e delle funzioni frontali (versione modificata della
Frontal Assessment Battery) su una popolazione italiana
di 283 soggetti in eta evolutiva, di eta compresa trai5 e i
14 anni. I punteggi grezzi di ogni test sono stati corretti
per una serie di variabili (eta dei soggetti, livello di sco-
larita dei genitori, dominanza manuale, sesso) e trasfor-
mati successivamente in punteggi equivalenti, che con-
sentono un confronto diretto tra i punteggi ottenuti. Questo
studio ¢ stato promosso dalla LICE (Lega Italiana Contro
UEpilessia), al fine di ottenere la standardizzazione ital-
iana su una popolazione in eta evolutiva di una serie di
test che valutano funzioni cognitive spesso deficitarie in
pazienti affetti da epilessia.
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Appendix
Short Story Test
Short Story Test 1

Anna/una bambina/di 8 anni/mentre tornava/da scuola/con il
fratellino/vide/sul marciapiede/una scatola/tutta rossa./La apri/ed
ecco sbucare/il muso/di un gattino./ I due/bambini/corsero/a
casa/contenti/e prepararono/una ciotola/con del latte/tiepido/e
dei biscotti./Il gatto/Piero/mangio/di gusto /e poi si addormen-
to/con la pancia /piena/e le zampe all’aria/sul tappeto/della
nonna. /

Anna/a eight-year-old/girl/was coming back/from
school/with her brother/when she saw/a red/box/on the pave-
ment./She opened it/and a kitten/muzzle/appeared sudden-
ly./The two/children/ran/home/happily/and prepared/a
bowl/of warm/milk/and some biscuits./Piero/the cat /ate
them/with gusto/and then fell asleep on his back /on grand-
mother’s/carpet/with a full/belly/and his paws sticking up in
the air /.

Short Story Test 2

Paolo/un ragazzino/di 10 anni/mentre andava/al parco/con un
amico/vide/in piazza/un pagliaccio/tutto giallo./ Si fermo/e il
clown/comincio a tirare fuori/dal cappello/dei fiori/di carta./l
due/bambini/attraversarono/la strada/incuriositi/e guardarono/ lo
spettacolo/a bocca aperta./Alla fine/il pagliaccio/Alberto /si inch-
ind/con il cappello/in mano/ e poi lancid/a tutti/una
margherita/colorata. /

Paolo/a ten-year-old/boy/ was going/to the park /with a
friend/when he saw/an all yellow/clown/ in the square./He
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stopped/and the clown/started taking/some paper/flowers/out
of his hat./The two/curious/children/crossed /the street/and
stared/open-mouthed/at the show./At the end/the
clown/Alberto/bowed/with the hat/in his hand/and threw/a
coloured/daisy/to everybody.

FAB: Frontal Assessment Battery [23]

1. “SERIE MOTORIE” (programmazione)

“Adesso facciamo un gioco insieme: guarda attentamente quello
che faccio i0”. L’esaminatore, seduto davanti al bambino, esegue
da solo per tre volte le serie di Luria “pugno — dorso — palmo”.
“Adesso, con la tua mano destra (se il bambino & mancino, con la
mano sinistra), fai le stesse serie, prima insieme a me e poi da
solo”. L’esaminatore esegue le serie per tre volte con il bambino,
poi gli dice: “Adesso continua da solo” e gli fa eseguire sei serie
consecutive.

Il bambino esegue correttamente sei serie

consecutive da solo: 3
Il bambino esegue correttamente almeno
tre serie consecutive da solo: 2

Il bambino fallisce da solo, ma esegue correttamente
le tre serie consecutive con l’esaminatore: 1
1l bambino non esegue correttamente le tre serie

consecutive con l’esaminatore 0
1 2 3 4 5 6
si no si no si no si no si no si no

2. “ISTRUZIONI CONFLITTUALI” (sensibilita all’interferenza)
“Adesso faremo un altro gioco. Quando io batto il pugno una
volta, tu lo batti due volte”. Per essere sicuri che il bambino abbia
compreso il compito, si esegue una serie di tre prove: 1-1-1.
“Adesso invece, quando io batto il pugno due volte, tu batti una
volta”. Anche in questo caso si esegue una serie di tre prove di
verifica: 2-2-2. “Ora faremo insieme queste due cose, tu fai bene
attenzione a quello che faccio io”. L’esaminatore esegue la
seguente serie: 1-1-2-1-2-2-2-1-1-2.

1 1 2 1 2 2 2 1 1 2
R corr| 2 2 1 2 1 1 1 2 2 1
Rerr | 1 1 2 1 2 2 2 1 1 2

non | non |non | non | non | non | non |non | non |non

Nessun errore: 3
Uno o due errori: 2
Pin di due errori: 1
1l bambino batte come I’esaminatore almeno quattro volte

consecutive: 0

3. INDICAZIONI “GO-NO GO” (controllo dell’inibizione)
“Questo ¢ 'ultimo gioco. Adesso quando io batto il pugno una
volta, anche tu lo batti una volta sola”. Per essere sicuri che il
bambino abbia compreso il compito, si esegue una serie di tre
prove: 1-1-1.

“Quando io batto due volte invece, tu non devi battere”. Si
esegue nuovamente una serie di tre prove di verifica: 2-2-2. “Ora
ne facciamo una serie insieme”.

L’esaminatore esegue la seguente serie: 1-1-2-1-2-2-2-1-1-2.

1 1 2 1 2 2 2 1 1 2

R corr| 1 1 non | 1 non | non | non |1 1 non
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Rerr | 2 2 2 2 2 2 2 2 2 2

non | non | 1 non | 1 1 non |non | non | 1

Nessun errore: 3
Uno o due errori: 2
Piu di due errori: 1
1l bambino batte come l’esaminatore almeno quattro volte
consecutive: 0
1l bambino batte come I’esaminatore almeno quattro volte con-
secutive: 0
Soggetto: Punteggio totale:

FAB: Frontal Assessment Battery [23]

1. MOTOR SERIES (programming)

“Let’s play together: look carefully at what I'm doing”. The
examiner, seated in front of the patient, performs alone three
times with his left hand the series of Luria “fist-edge-palm”.
“Now, with your right hand (the left hand if the patient is left-
handed) do the same series, first with me, then alone.” The exam-
iner performs the series three times with the patient, then says to
him/her: “Now, do it on your own”.

Score:

Patient performs six correct consecutive series alone: 3

Patient performs at least three correct consecutive
series alone: 2

Patient fails alone, but performs three correct consecutive series
with the examiner 1

Patient cannot perform three correct consecutive series even with
the examiner 0

si no si no si no si no si no si no

2. CONFLICTING INSTRUCTIONS (sensitivity to interference)
“Now we’ll do another game. Tap twice when I tap once” To be
sure that the patient has understood the instruction, a series of
three trials is run: 1-1-1. “Now, tap once when I tap twice”. To be
sure that the patient has understood the instruction, a series of
three trials is run: 2-2-2. The examiner performs the following
series: 1-1-2-1-2-2-2-1-1-2.

~
~
[\
~
[\S)
[\
[\
~
~
[\S)

Right 2 12 |1 2 1 1 1 2 2 |1
answer
Wrong | 1 1 2 1 2 2 2 1 1 2
answer

no no no no no no no no no | no

No errors 3
One or two errors 2
More than two errors 1
Patient taps like the examiner at least four consecutive times 0

3. GO-NO-GO (inhibitory control)
“This is the last game. Tap once when I tap once” To be sure that
the patient has understood the instruction, a series of three trials

P. Scarpa et al.: Instruments to assess for developmental age

is run: 1-1-1. “Do not tap when I tap twice.”. To be sure that the
patient has understood the instruction, a series of three trials is
run: 2-2-2. The examiner performs the following series: 1-1-2-1-
2-2-2-1-1-2.

Right |2 2 1 2 1 1 1 2 |2 1
answer
Wrong | 1 1 2 1 2 2 2 1 1 2
answer

no no no no no no no | no no no

No errors 3
One or two errors 2
More than two errors 1
Patient taps like the examiner at least four consecutive times 0
Subject: Total score:
Trail Making A/B

End




P. Scarpa et al.: Instruments to assess for developmental age

References

10.

11.

12.

13.

14.

15.

16.

17.

18.

Mondini S, Mapelli D, Vestri A, Bisiacchi PS (2003) Esame
neuropsicologico breve. Raffaello Cortina, Milano
Bisiacchi PS, Cendron M, Gugliotta M et al (2005) BVN
Batteria di Valutazione Neuropsicologica 5-11. Edizioni
Erickson, Trento

Nichelli F, Bulgheroni S, Riva D (2001) Developmental pat-
terns of verbal and visuospatial spans. Neurol Sci 22:377-384
Biancardi A, Stoppa E (1997) Il test delle Campanelle
modificato: una proposta per lo studio dell’attenzione in
eta evolutiva. Psichiatria dell’infanzia e dell’adolescenza
64:73-84

Vicari S, Pasqualetti P, Marotta L, Carlesimo GA (1999)
Word list learning in normally developing children: effects
of semantic organization and retention interval. Ital J Neurol
Sci 20:119-128

Dempster FN (1993) Resistance to interference: develop-
mental changes in a basic processing mechanism. In: Howe
ML, Pasnak R (eds) Emerging themes in cognitive develop-
ment foundations. Springer Verlag, New York, pp 3-27
Welsh MC, Pennington BF, Groisser DB (1991) A normative-
developmental study of executive function: a window on pre-
frontal function in children. Develop Neuropsychol
7:131-149

Riva D, Saletti V, Bulgheroni S et al (2001) Memory distur-
bances in early hippocampal pathology. In: Beaumanoir A,
Mira L (eds) Limbic seizures in children. John Libbey &
Company, New York, pp 120-132

Frisk V, Milner B (1990) The role of the left hippocampal
region in the acquisition and retention of story content.
Neuropsychologia 28:349-359

Gabrieli JDE, Brewer JB, Desmond JE, Glower JH (1997)
Separate neural basis of two fundamental memory processes
in the human medial temporal lobe. Science 276:264-266
Riva D (1995) Le lesioni cerebrali focali. In: Sabbadini G
(ed) Manuale di Neuropsicologia dell’eta evolutiva.
Zanichelli, Bologna, pp 484—499

Loiseau P, Strube E, Signoret JL (1988) Memory and epilep-
sy. In: Trimble MR, Reynolds EH (eds) Epilepsy, behaviour
and cognitive function. Wiley, Stratford-upon-Avon, pp 90-96
Seidenberg M (1989) Neuropsychological functioning of
children with epilepsy. In: Hermann BP, Seidenberg M (eds)
Neuropsychological, psychosocial and intervention aspects
of childhood epilepsies. John Wiley and Sons, New York,
pp 80-91

Gleissner U, Sassen R, Lendt M et al (2002) Pre- and post-
operative verbal memory in pediatric patients with temporal
lobe epilepsy. Epilepsy Res 51:287-296

Lespinet V, Bresson C, N’Kaoua B et al (2002) Effect of age
of onset of temporal lobe epilepsy on the severity and the
nature of preoperative memory deficits. Neuropsychologia
40:1591-1600

Smith ML, Elliott IM, Lach L (2002) Cognitive skills in
children with intractable epilepsy: comparison of surgical
and nonsurgical candidates. Epilepsia 43:631-637

Mitchell WG, Zhou Y, Chavez JM, Guzman B (1991)
Reaction time, attention, and impulsivity in epilepsy. Pediatr
Neurol 8:19-24

Billingsley RL, Smith M, McAndrews MP (2000) Material-
specific and non-specific attention deficits in children and ado-

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

395

lescents following temporal-lobe surgery. Neuropsychologia
38:292-303

Hernandez MT, Sauerwein HC, Jambaque I et al (2003)
Attention, memory, and behavioral adjustment in children
with frontal lobe epilepsy. Epilepsy Behav 4:522-536
Novelli G, Papagno C, Capitani E et al (1986) Tre test clini-
ci di memoria verbale a lungo termine: taratura su soggetti
normali. Arch Psicol Neurol Psichiat 47:278-296

Spinnler H, Tognoni G (1987) Standardizzazione e taratura
italiana di test neuropsicologici. Ital J Neurol Sci 6:1-113
Giovagnoli AR, Del Pesce M, Mascheroni S et al (1996)
Trail Making Test: normative values from 287 normal adult
controls. Ital J Neurol Sci 17:305-309

Dubois B, Slachevsky A, Litvan I, Pillon B (2000) The FAB.
A frontal assessment battery at bedside. Neurology
55:1623-1626

Capitani E, Laiacona M (1988) Aging and psychometric
diagnosis of intellectual impairment: Some considerations
on test scores and their use. Dev Neuropsychol 4:325-330
Capitani E (1997) Normative data and neuropsychological
assessment, common problems in clinical practice and
research. Neuropsychol Rehab 7:295-309

McShane J (1991) Cognitive development, an information
processing approach. Blackwell, Oxford

Piaget J (1960) The general problems of the psychological
development of the child. In: Tanner SM, Inhelder B (eds)
Discussions on child development. Tavistock, London,
pp 47-54

Bruner JS, Goodnow J, Austin GA (1956) A study of think-
ing. Wiley, New York

Flavell JH, Beach DR, Chinsky JM (1966) Spontaneous ver-
bal rehearsal in a memory task as a function of age. Child
Dev 37:283-299

Ornstein PA, Naus MJ, Liberty C (1975) Rehearsal and orga-
nizational processes in children’s memory. Child Dev
46:818-830

Chi JG, Dooling EC, Gilles FH (1977) Gyral development of
the human brain. Ann Neurol 1:86-93

Bjorklund DF, Jacobs JW (1985) Associative and categorical
processes in children’s memory: the role of automaticity in
the development of organization in free recall. J Exp Child
Psychol 39:599-617

Brown AL, Smilley SS (1978) The development of strategies
for studying texts. Child Dev 49:1076-1088

Waugh NC, Thomas JC, Fozard JL (1978) Retrieve time
from different memory stores. J Gerontol 33:718-724
Pearson DA, Lane DM (1991) Auditory attention switching:
a developmental study. J Exp Child Psychol 51:320-334
Hommel B, Li KZ, Li SC (2004) Visual search across the life
span. Dev Psychol 40:545-558

Smith ML, Kates MH, Vriezen ER (1992) The development
of frontal lobe functions. In: Segalowitz SJ, Rapin I (eds)
Handbook of neuropsychology. Elsevier, Amsterdam/New
York, pp 309-330

Stores G (1971) Cognitive function in children with epilep-
sy. Dev Med Child Neurol 13:390-393

Bourgeois BFD, Prensky AL, Palkes HS et al (1983)
Intelligence in epilepsy: a prospective study in children. Ann
Neurol 14:438-444

Farwell JR, Dodrill CB, Batzel LW (1985) Neuropsychological
abilities of children with epilepsy. Epilepsia 26:395-400



396

41.

42.

43.

44.

45.

46.

47.

48.

Addy D (1987) Cognitive functions in children with epilep-
sy. Dev Med Child Neurol 29:394-404

Pavone P, Bianchini R, Trafiletti RR et al (2001)
Neuropsychological assessment in children with absence
epilepsy. Neurology 24:1047-1051

Smith ML, Elliott IM, Lach L (2004) Cognitive, psychoso-
cial and family function one year after paediatric epilepsy
surgery. Epilepsia 45:650-660

Tarter RE (1972) Intellectual and adaptive functioning in epilep-
sy: a review of 50 years of research. Dis Nerv Sys 33:763-770

Thompson PJ, Trimble MR (1982) Anticonvulsant drugs and
cognitive functions. Epilepsia 23:531-544

Hermann BP (1991) Contributions of traditional assessment
procedures to an understanding of the neuropsychology of
epilepsy. In: Dodson WE, Kinsbourne MK, Hiltbrunner B
(eds) The assessment of cognitive function in epilepsy.
Demos Publications, New York, pp 30-44

Dodrill CB, Wilensky A (1992) Neuropsychological abilities
before and after 5 years of stable antiepileptic drug therapy.
Epilepsia 33:327-334

Strass E, Lo Ring D, Chelune G et al (1995) Predicting

49.

50.

51.

52.

53.

P. Scarpa et al.: Instruments to assess for developmental age

cognitive impairment in epilepsy: findings from the
Bozeman Epilepsy Consortium. J Clin Exp Neuropsychol
17:909-917

Williams J, Sharp G, Lange B et al (1996) The effects of
seizure type, level of seizure control, and antiepileptic drugs
on memory and attention skills in children with epilepsy.
Dev Neuropsychol 12:241-253

Hermann BP, Seidenberg M, Bell B et al (2002) The neurode-
velopment impact of childhood-onset temporal lobe epilepsy
on brain structure and function and the risk of progressive cog-
nitive effects. In: Sutula T, Pitkéinen A (eds) Progress in brain
research. Elsevier Science, Amsterdam/New York, pp 101-114
Oyegbile TO, Dow C, Jones J et al (2004) The nature and
course of neuropsychological morbidity in chronic temporal
lobe epilepsy. Neurology 62:1736-1742

Brown TH, Zador AM (1990) Hippocampus. In: Shepherd
GM (ed) The synaptic organization of the brain. Oxford
University Press, New York, pp 184-204

Scarpa P, Piazzini A, Pesenti G et al (2002) A proposal of a
neuropsychological battery for paediatric age patients with
epilepsy. Boll Lega It Epil 116:13-20



