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Abstract Several studies, showing that attention disorders during encoding reduce later memory performance,
have stressed the critical role of attention for the formation
of durable memory traces. Accordingly, some studies
suggest that attentive disturbances, together with declarative memory defects, can constitute the earliest cognitive
disorders in Alzheimer’s disease. Therefore, the analysis of
these disorders can contribute to identify different forms of
dementia and to detect demented patients characterized by
a faster cognitive decline. In this study, we report the
normative data (gathered in a large Italian population) of a
short test that assess the ability to detect stimuli characterized by a conjunction of features: the ‘Multiple Features
Targets Cancellation’ task (MFTC). Our sample of 465
subjects was composed by urban and rural people. Multiple
linear regression analyses revealed significant relation of
false alarms with age and educational level, and of time of
execution with age, educational level and gender. Regression analyses on accuracy scores did not show any significant correlation with demographics variables. Based on
non-parametric techniques, cutoff scores were obtained on
the corrected scores of the patients, and equivalent scores
were derived for each measure. The MFTC task represents
a useful tool that explores attentional disorders (and in
particular conjunction search disturbances) and that could
be helpful both in discriminating different forms of
dementia and to detect mild cognitive impairment patients
at risk of conversion to dementia.
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Introduction
Attention is one of the core issues in cognitive neuropsychology and a wealth of works has investigated its components in several experimental sets. Furthermore, and
somehow following a parallel stream, the clinical interest
toward the relevance of attentional disturbances in psychiatric and neurological diseases has been growing.
Thus, several studies have addressed the topic of attention
deficits in demented subjects. In particular, AD patients
perform worse than healthy controls in tasks exploring
selective attention, i.e., the ability to screen out non-relevant
stimuli [1–3] and divided attention, i.e., the ability to focus
attention at the same time on more than one remarkable
information or to divide the attentive resources on more
mental activities contemporarily [4, 5].
The most common experimental paradigms adopted to
investigate selective attention rely upon visual search tasks
[6], in which participants search for a target item among
distractors. The administration of search tasks to normal
subjects has allowed identifying at least two modalities of
visual search. The first is called ‘‘feature search’’ and is
involved in the identification of targets with a unique feature. The second modality, called ‘‘conjunction search’’, is
involved in the identification of targets based on a conjunction of features [1]. In recent years, several studies
have explored the dissociation of (single) features search
from conjunction search in demented subjects, showing
that early AD patients and even subjects with mild cognitive impairment (MCI) [3] are more impaired in conjunction than feature search tasks [7, 8]. Furthermore, it has
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been suggested that other factors (such as target-distractors
similarity) could explain these difficulties of AD patients.
As a matter of fact, Porter et al. [8] have shown that AD
patients who were administered feature and conjunction
search task comparable as for target-distractors similarity
made a significant number of false alarms exclusively in
the conjunction task. From the theoretical point of view, it
has been suggested that the impairment of conjunction
search in AD could be due to depletion of attentional
resources [9, 10] or to a reduced ability to access resourcesaving strategies [1, 9].
The evidence of these specific attentional disturbances in AD
comes from rather sophisticated investigations that are difficult
to apply in clinical settings. Thus, an easy-to-administer neuropsychological test, exploring conjunction search, would be
useful in assessing early AD and MCI subjects.
Our group has developed the Multiple Features Targets
Cancellation task (MFTC) [11], a visual search task, in which
subjects are requested to identify a target item in an array of
distractors. The target consists of a square (side = 1 cm), with
two segments, one stemming perpendicular from the midpoint of
the base, and the other stemming from the left upper corner with
a 45° angle. Both segments are about 0.5 cm long and oriented
toward the center of the square; distractors have different orientation or origins of the two lines. Thus, the identification of the
targets requires the elaboration of a conjunction of perceptual
features (side and orientation of the segments inside or outside
the square). The characteristics of targets and distractors in our
task make difficult the perceptual grouping of distractors, which
is supposed to play a role in classical feature search tasks [2].
As previously reported [11], AD subjects produced more
false alarms than multi-infarct dementia (MID) patients and
healthy controls on MFTC, and were slower than controls in
completing the task, while they showed similar accuracy and
slightly higher time of execution than controls in a single feature
visual search test (line cancellation). This is in agreement with
results of studies, in which conjunction search was investigated
with more refined methods [3, 7, 8].
Focused attention, conjunction search, divided and sustained attention are part of the ‘executive functions’, which
include several other motivational, cognitive and behavioral components. The study of exectuive functions plays
an important role in detecting AD patients with a less
favourable course of disease [12–15]. Also, MFTC has
been shown to identify AD patients with a less favorable
course of the disease [16].
To date, the lack of standardized scores of MFTC prevents neuropsychologists from using this task routinely for
the diagnosis of dementia and also in predicting the evolution of dementia.
The aim of our study was to standardize and supply with
normative data the MFTC, in order to obtain a useful
diagnostic tool for the assessment of AD.
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Materials and methods
Subjects
The investigation was carried out on 465 normal subjects (239
women) who varied in age and education (Table 1). Subjects
were recruited among the relatives of patients afferent to the
Neuropsychology Unity of the Policlinico Gemelli in Rome,
coming from the metropolitan area of Rome and from its province and from various districts of Central and Southern Italy.
All participants were community dwelling individuals
living independently. Exclusion criteria were: educational
level below 3 years of schooling; any current or prior
neurological disease affecting CNS (e.g., brain injury or
stroke); current or past history of alcohol or drug abuse;
current depression or major psychiatric diseases; familiarity for dementia; chronic medical conditions potentially
affecting CNS (e.g., hypothyroidism, renal or hepatic
failure). Furthermore, subjects were excluded from the
study if their corrected MMSE score was below 24 [17].
Procedures
In this short ‘‘paper-and-pencil’’ test, subjects are presented
with an array of 80 small squares, each containing two
variously oriented lines, and requested to cancel as quickly
as possible all the 13 items identical to a model placed
immediately above the array, disregarding the 67 distractors (Appendix). The examiner starts the computation of
the time of execution from the first item crossed out and
stops when the subject has finished.
Three scores are obtained: time of execution, number of
false alarms and accuracy. The latter is obtained using the
following formula:


ð67false alarmsÞ
correct answers
þ
13
67
Accuracy ¼
2
Results
Mean age of the sample was 62.10 ± 20.955 years (range
20–92) and mean education was 8.92 ± 5.322 years (range
3–17). Table 1 reports the distribution of subjects according to gender, age and education.
Mean accuracy of the whole sample was 0.94 ± 0.058
(range 0.77–1.00); mean number of false recognition was
0.52 ± 1.011 (range 0–7) and the mean time of execution was
80.95 ± 40.072 (range 20–206). For a descriptive presentation
of mean scores of the three measures, according to the age and
educational level, see Table 2.
The raw scores obtained on MFTC were set as dependent variables into several linear regression models, in

465 (M = 226;
F = 239)

104 (M = 43;
F = 61)

175

82 (M = 47;
F = 35)

64 (M = 35;
F = 29)

Total

215 (M = 101;
F = 114)
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order to assess the relative influence of age, education and
gender. Age and education entered into regression analyses
after several transformations (inverse, logarithmic, square
root, quadratic, subtraction).

12 (M = 3;
F = 9)
83 (M = 44;
F = 39)
134 (M = 76;
F = 58)
85 (M = 41;
F = 44)
27 (M = 13;
F = 14)
31 (M = 13;
F = 18)
66 (M = 23;
F = 43)
Total

27 (M = 13;
F = 14)

0 (M = 0;
F = 0)
3 (M = 3;
F = 0)
5 (M = 5;
F = 0)
6 (M = 2;
F = 4)
11 (M = 6;
F = 5)
18 (M = 5;
F = 13)
[13

55 (M = 18;
F = 37)

6 (M = 4;
F = 2)

1 (M = 0;
F = 1)
18 (M = 11;
F = 7)
15 (M = 8;
F = 7)
15 (M = 9;
F = 6)
8 (M = 4;
F = 4)
7 (M = 5;
F = 2)
9–13

8 (M = 5;
F = 3)

10 (M = 5;
F = 5)

2 (M = 1;
F = 1)
6 (M = 6;
F = 0)
28 (M = 18;
F = 10)
17 (M = 6;
F = 11)
4 (M = 2;
F = 2)
2 (M = 1;
F = 1)
2 (M = 1;
F = 1)
3 (M = 0;
F = 3)
6–8

6 (M = 2;
F = 4)
4 (M = 2;
F = 2)
–
3–5

False alarms ¼ 0:585  0:428
  ½lnð100  ageÞ  3:48
1
 0:16
þ 1:667 
education

Education (years)

40–49
30–39

The accuracy in completing the task was not significantly
influenced by age (best model after transformation as
[ln (100 - age)]: F(1,463) = 1.054; P = 0.305) or gender
(t463 = 1.630; P = 0.104).
On the other hand, education had the highest effect after
inverse transformation (1/education duration) (F(1,463) =
17.337; P \ 0.001). However, the amount of variance
explained by the regression model was very low (adjR2 =
0.034).
In order to overcome this limitation, and since only one
variable seemed to influence the accuracy score, we tried to
identify different cutoff points according to the level of
education, choosing a parametric approach that is setting
the cutoff points at 1.5 SD below the mean value of each
group. The sample was subdivided on the basis of educational level into four groups: 3–5 years (N = 215);
6–8 years (N = 64); 9–13 years (N = 82); [13 years
(N = 104). Then, we performed a one-way ANOVA with
post hoc Tukey’s tests to assess if contiguous groups
achieved similar results or if it was necessary to identify a
different cutoff point for each group.
As expected, there was a statistically significant difference between performances of the groups (F(3,461) = 5.264;
P = 0.001); subjects with 3–5 years of education obtained
a mean score significantly different from the mean scores
obtained by subjects with 6–8 and 14–17 years of education
(P = 0.003 and P = 0.041, respectively). On the other hand,
the mean scores obtained by the groups with more than
5 years of schooling were not significantly different. Thus,
we identified two parametric cutoff points for subjects with
3–5 years of education (cutoff point: accuracy = 0.838) and
for subjects with more than 5 years of education (mean
accuracy = 0.95 ± 0.054; cutoff point = 0.869) (Table 3).

The number of false alarms was not influenced by gender
(t463 = 1.298; P = 0.195); age showed the best predictive
power after transformation as [ln (100 - age)] (F(1,463) =
53.049; P \ 0.001); the best transformation for education
was as 1/education (F(1,463) = 45.833; P \ 0.001).
The final model was:

20–29

Age (years)

Table 1 Demographic distribution of the sample

50–59

7 (M = 2;
F = 5)

60–69

47 (M = 23;
F = 24)

70–79

86 (M = 45;
F = 41)

80–89

56 (M = 24;
F = 32)

[89

9 (M = 2;
F = 7)

Accuracy

False alarms
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123

0.93 (0.057)

Total

0.13 (0.336)
0.14 (0.346)

[13
Total

66.00 (34.828)

52.38 (12.059)

47.40 (15.147)

48.85 (16.139)

9–13

[13

Total

–

20–29

Age

6–8

3–5

Education

0.25 (0.463)

9–13

Time of execution

–

0.0 (0)

6–8

20–29

Age

3–5

Education

0.93 (0.058)

[13

False alarms

0.95 (0.036)

9–13

–

0.90 (0.080)

6–8

3–5

Education

20–29

Age

Accuracy

57.65 (30.220)

57.89 (37.175)

53.57 (17.348)

47.50 (3.536)

68.75 (20.565)

30–39

0.06 (0.236)
0.06 (0.250)

0.0 (0)

0.50 (0.707)

0.0 (0)

30–39

0.94 (0.058)

0.95 (0.056)

0.95 (0.062)

0.94 (0.022)

0.89 (0.054)

30–39

57.81 (16.534)

52.09 (18.897)

62.13 (18.635)

54.00 (5.657)

63.83 (7.985)

40–49

0.09 (0.302)
0.11 (0.424)

0.25 (0.707)

0.0 (0)

0.0 (0)

40–49

0.93 (0.065)

0.95 (0.060)

0.90 (0.071)

0.98 (0.027)

0.91 (0.058)

40–49

60.48 (21.723)

56.83 (24.326)

61.90 (26.363)

48.75 (9.605)

68.29 (16.840)

50–59

0.0 (0)
0.15 (0.456)

0.30 (0.675)

0.0 (0)

0.14 (0.378)

50–59

0.95 (0.059)

0.99 (0.016)

0.93 (0.054)

0.92 (0.079)

0.95 (0.061)

50–59

0.50 (0.548)
0.54 (1.007)

0.20 (0.561)

0.29 (0.588))

0.74 (1.224)

60–69

0.95 (0.055)

0.96 (0.075)

0.95 (0.058)

0.97 (0.034)

0.95 (0.059)

60–69

82.44 (39.367)

60.33 (29.777)

53.33 (25.466)

86.12 (39.928)

93.21 (38.964)

60–69

Table 2 Descriptive statistics of scores obtained on MFTC stratified for age and education

90.49 (38.698)

57.00 (21.679)

73.80 (26.737)

81.18 (34.675)

98.38 (40.183)

70–79

0.0 (0)
0.60 (1.069)

0.53 (0.915)

0.36 (0.731)

0.73 (1.192)

70–79

0.94 (0.057)

0.98 (0.052)

0.92 (0.059)

0.96 ()0.040

0.93 (0.058)

70–79

106.08 (41.202)

78.33 (5.774)

78.56 (29.766)

105.83 (58.001)

116.45 (39.379)

80–89

0.67 (0.577)
0.96 (1.338)

0.56 (1.688)

1.00 (1.549)

1.11 (1.216)

80–89

0.93 (0.061)

0.96 (0.035)

0.97 (0.036)

0.96 (0.023)

0.92 (0.065)

80–89

125.00 (35.802)

–

120.00 (–)

165.00 (21.213)

116.67 (35.000)

[89

–
1.33 (1.371)

0.0 (–)

2.00 (2.828)

1.33 (1.118)

[89

0.91 (0.054)

–

0.96 (–)

0.91 (0.076)

0.90 (0.054)

[89

80.95 (40.072)

52.36 (22.754)

65.26 (26.653)

82.78 (40.774)

100.23 (40.110)

Total

0.13 (0.343)
0.52 (1.011)

0.34 (0.971)

0.41 (0.886)

0.80 (1.184)

Total

0.94 (0.058)

0.95 (0.057)

0.94 (0.055)

0.96 (0.046)

0.93 (0.061)

Total
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Conclusions

Table 3 Cutoff points for scores derived from MFTC
Score

Cutoff

Accuracy
Education B5 years

0.838

Education [5 years

0.869

False alarms
Time of execution

2.77
135.73

where 3.48 is the mean value of [ln (100 - age)] and 0.16
the mean value of 1/education.
Since parametric statistics are not suitable in the case of
corrected scores, non-parametric tolerance limits were
determined according to Walsh’s procedure [18]. Corrected
score of each individual was computed according to the
equation reported above and then ordered from the worst to
the best performance. The position of the inner and outer
tolerance limits, defining the uncertainty region, depends
upon the sample dimension; in the case of 465 subjects, the
outer tolerance limit (corresponding to the cutoff point) is
the 16th worst observation, and the inner tolerance limit is
the 32nd observation.
The outer and inner limits obtained for the number of
false alarms were 2.77 and 1.97, respectively. Table 4
reports the correction grid determined for the most common combinations of age (by a 5-year step) and education
(according to the Italian scholastic system).
Time of execution
All the demographic variables taken into account influenced the time of execution of MFTC; there was a significant difference between mean time used by female and
male subjects to complete the task (85.85 ± 43.877 s vs.
75.77 ± 34,966 s; t463 = 2.746, P = 0.006, respectively).
Age showed the best predictive power after quadratic
transformation (age2) (F(1,463) = 163.936; P \ 0.001);
education had the highest predictive value when transpﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
formed as education (F(1,463) = 145.619; P \ 0.001).
The final model was:
execution time ¼ 70:29812:284  gender (M ¼ 1;
F ¼ 0Þ þ 0:006  age2  14:422
pﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
 ð education  2:84Þ
pﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
where 2.84 is the mean value of education.
The outer and inner limits obtained for the time of
execution were 135.73 and 121.97, respectively. Table 4
reports the correction grid determined for the most common combinations of age and education stratified by
gender.

The clinical investigation of attention deficits has been
assuming a great relevance in recent years. In fact, significant disturbances in attention have been reported since
the early phases of AD and in MCI subjects [1, 3, 5, 7, 8,
11, 19]. Furthermore, the presence of attentional deficits
could predict a faster cognitive decline in AD [16].
Gainotti et al. [11] showed that a different pattern of
impairment can be detected in AD and vascular forms of
dementia in performing the MFTC. The former were less
accurate with a higher number of false alarms but normal
time of execution, whereas the latter were characterized by
an opposite behavior, with accuracy only slightly affected
and the time of execution significantly lengthened with
respect to control subjects.
Consequently, MFTC may suggest a useful tool in
assessing deficits occurring in the early stages of dementia,
since it could help in distinguishing both among different
forms of dementia and in identifying subjects with a less
favorable course of the disease.
On these grounds, in the present study we provide
measures of accuracy, false alarms and time of execution
of the MFTC that, as mentioned above, are not homogeneously affected in the different forms of dementia. Thus,
the availability of standardized scores of the MFTC could
add new support to the differential neuropsychological
diagnosis of dementia. Our study shows that the different
measures obtained in an attentional task are not homogeneously influenced by age, sex and educational level.
In our sample, the accuracy of target detection is not
significantly influenced by age and gender, whereas there is
an effect of educational level. The absence of a significant
effect of age on target identification has been frequently
reported [2, 20, 21]. In fact, a differential effect of age and
education on memory and attention has been previously
reported by Gomez-Perez and Ostrosky-Solis [22], who
reported that age mainly affected memory functions,
whereas attention was mainly influenced by education.
On the other hand, the production of false alarms was
influenced by age and educational level but not by sex. An
increase of false alarms in selective attention tasks in older age
has been previously reported [21]. Finally, the time of execution of the task depends on age, educational level and gender.
Behavioral slowing in older subjects is one of the hallmarks of normal aging. It has been attributed to the
impairment of sensory–perceptual and response processes
[20, 23, 24]. Furthermore, older subjects are reported to be
more ‘‘cautious’’ in performing cognitive tasks [25]; this
attitude is subsumed by the realization of specific strategies
in order to maintain accuracy, such as the increase of
saccades during visual search [26]. This effect is particularly evident as for conjunction search tasks [2, 20, 27].
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2

1

9.72

-2.57

M

F

1.17

-11.11

M

-6.09
-18.38

20

Age

F

M
F

8.64

F

14.75

27.04

7.29

19.57

-3.92

8.37

-12.46

-0.18

-7.44
-19.73

25

2

13.10

25.39

5.64

17.92

-5.57

6.72

-14.11

-1.83

-9.09
-21.38

30

0..50

0.47

0.39

0.26

0.04

30

11.15

23.44

3.69

15.97

-7.52

4.77

-16.06

-3.78

-11.04
-23.33

35

0.47

0.44

0.36

0.23

0.01

35

8.90

21.19

1.44

13.72

-9.77

2.52

-18.31

-6.03

-13.29
-25.58

40

0.43

0.40

0.32

0.20

-0.03

40

6.35

18.64

-1.11

11.17

-12.32

-0.03

-20.86

-8.58

-15.84
-28.13

45

0.39

0.36

0.28

0.16

-0.06

45

3.50

15.79

-3.96

8.32

-15.17

-2.88

-23.71

-11.43

-18.69
-30.98

50

0.35

0.32

0.24

0.12

-0.10

50

0.35

12.64

-7.11

5.17

-18.32

-6.03

-26.86

-14.58

-21.84
-34.13

55

0.31

0.28

0.20

0.07

-0.15

55

Regression model: time of execution = 70.298 - 12.284*gender (M = 1, F = 0) ? 0.006*age2 - 14.422*

-6.85

5.44

-14.31

-2.03

-25.52

-13.23

-34.06

-21.78

-29.04
-41.33

65

0.20

0.17

0.09

-0.03

-0.26

65

pﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
education  2:84

-3.10

9.19

-10.56

1.72

-21.77

-9.48

-30.31

-18.03

-25.29
-37.58

60

0.26

0.23

0.15

0.02

-0.20

60



1
Regression model: false alarms = 0.585 - 0.428*[ln (100 - age) - 3.48] ? 1.667* education
 0:16

28.39

16.10

M

F

17

20.92

M

13

8

5

3

Education

0.53

Time of execution

0.55

17

0.50

0.42

0.44

0.52

8

13

0.29

0.10

0.32

3

0.07

25

5

Education

20

Age

False alarms1

Table 4 Correction grid of false alarms and time of execution for the commonest combinations of age and education

-10.90

1.39

-18.36

-6.08

-29.57

-17.28

-38.11

-25.83

-33.09
-45.38

70

0.13

0.10

0.02

-0.10

-0.32

70

-15.25

-2.96

-22.71

-10.43

-33.92

-21.63

-42.46

-30.18

-37.44
-49.73

75

0.06

0.03

-0.05

-0.18

-0.40

75

-19.90

-7.61

-27.36

-15.08

-38.57

-26.28

-47.11

-34.83

-42.09
-54.38

80

-0.04

-0.07

-0.15

-0.27

-0.50

80

-24.85

-12.56

-32.31

-20.03

-43.52

-31.23

-52.06

-39.78

-47.04
-59.33

85

-0.16

-0.19

-0.27

-0.40

-0.62

85

-30.10

-17.81

-37.56

-25.28

-48.77

-36.48

-57.31

-45.03

-52.29
-64.58

90

-0.34

-0.37

-0.45

-0.57

-0.79

90

178
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Finally, differences in attitude (and organization of the
neural network) of men and women undergoing attentional
tasks have already been reported in the past [28, 29].
The perceptual characteristics of stimuli used in the
construction of the MFTC make it a plausible model of
paper-and-pencil visual search task based on a conjunction
search strategy. The difficulty to perform a perceptual
grouping of distracters [2] make a serial scan of stimuli
necessary, and the identification of targets is based on the
conjunction of position and orientation of two segments.

In our opinion, the availability of measures of accuracy,
false alarms (linked to a defect of control functions) and
time of execution (related to elementary psychomotor
defects) in an attentional task like MFTC is an additional
tool that could help to distinguish among the different
patterns of impairment observed in different forms of
dementia.

Appendix

MULTIPLE FEATURES TARGETS CANCELLATION
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